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<Providing the Balance of Power> 


PROVIDING THE BALANCE OF POWER 


THIs “DEMAND /SUPPLY PLAN” REPORT IS ONE OF ASERIES OF 
: DOCUMENTS ISSUED UNDER THE TITLE, “PROVIDING THE BALANCE OF : 
: POWER: ONTARIO HyDRO’S PLAN TO SERVE CUSTOMERS’ : 
ELECTRICITY NEEDS.” THIS REPORT CONTAINS A COMPREHENSIVE 
DISCUSSION OF THE BACKGROUND TO, AND ELEMENTS OF, 
HYDRO’S PROPOSED PLAN TO MEET FUTURE NEEDS, AND THE 
ALTERNATIVES THAT WERE CONSIDERED. «¢ A COMPANION 
DOCUMENT, “PLAN ANALYSIS,” GIVES FURTHER TECHNICAL DETAILS 
AND SUPPORTING ANALYSES FOR THE PROPOSED AND 
ALTERNATIVE PLANS. ANOTHER DOCUMENT, “OVERVIEW,” PRESENTS 
IN A MORE ABBREVIATED AND SOMEWHAT DIFFERENT FORM 
THE MAIN FEATURES OF THE PLAN, ITS ALTERNATIVES, AND THE 
CONSIDERATIONS THAT WENT INTO THEIR DEVELOPMENT. : 
A FOURTH DOCUMENT, “ENVIRONMENTAL ANALYSIS,” ANALYZES THE : 
ENVIRONMENTAL IMPACT OF THE PROPOSED DEMAND /SUPPLY PLAN : 
: AND ITS ALTERNATIVES. * THESE DOCUMENTS WILL BE FILED WITH THE : 
: MINISTER OF THE ENVIRONMENT FOR A PUBLIC HEARING BEFORE 
| THE ENVIRONMENTAL ASSESSMENT BOARD. PRIOR TO THAT HEARING, 
| THESE DOCUMENTS WILL BE SUBJECT TO GOVERNMENT REVIEW, 
AND THEIR CONTENTS WILL BE THE FOCUS OF A PUBLIC 


INFORMATION PROGRAM TO BE CONDUCTED BY ONTARIO HyDRO. 
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THREE FORMS OF PLANNING ACTIVITIES 


THE ELEMENTS OF ONTARIO HYDRO’S DEMAND/SUPPLY PLAN ARE 

| SET FORTH IN THIS REPORT ON A CHAPTER-BY-CHAPTER BASIS. , 

2 THE WAYS IN WHICH THE ELEMENTS INTERRELATE AND THEIR LOGICAL : 

: UNFOLDING ARE DEPICTED IN TWO FIGURES, FOUND IN : 
CHAPTER 2 (FIGURE 2-1 AND FIGURE 2-2). IN ORDER TO UNDER- 

STAND THE BASIC PRINCIPLES BEHIND HYDRO’S PLANNING IN A 
MORE ELEMENTARY WAY, ONE CAN LOOK AT THE PLANNING PROCESS 
AS THREE TYPES OF PLANNING ACTIVITIES: ASSESSING NEEDS, 
DEFINING RESOURCES, AND MAKING PLANS. AS A VISUAL REMINDER 
OPENING EACH CHAPTER, A GRAPHIC FORM DEPICTS THE 


APPROPRIATE ACTIVITY FOR THAT CHAPTER. 
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THREE GEOMETRIC FORMS REPRESENTING 
THREE PLANNING ACTIVITIES 


i 


: - ASSESSING NEEDS: IS DEPICTED BY A SPHERE. ELECTRICITY WILL BE 
EXPECTED TO PROVIDE A RANGE OF SERVICES OVER THE NEXT 25 YEARS : 
: IN ALL SPHERES OF ACTIVITY: HOME, WORK, RECREATION, AND : 

COMMUNITY ACTIVITIES. HYDRO’S PLANNING ASSESSES THESE NEEDS 


2 . AND COMPARES THEM TO THE RESOURCES AVAILABLE TO MEET THEM. 


a 


DEFINING RESOURCES: IS DEPICTED BY A CUBE. RESOURCES MEANS 


: NOT JUST NATURAL RESOURCES, BUT EXISTING FACILITIES AND FUTURE : 
| OPTIONS AVAILABLE TO MEET CUSTOMER NEEDS. DEFINING RESOURCES | 
: MEANS IDENTIFYING AND EVALUATING OPTIONS WHICH ARE ABLE TO : 
REDUCE THE DEMAND FOR ELECTRICITY OR TO INCREASE THE SUPPLY 
: TO BALANCE CUSTOMER NEEDS. THIS REQUIRES THE DEVELOPMENT OF | 


TECHNIQUES TO COMPARE AND EVALUATE RESOURCES. 


| MAKING PLANS: IS DEPICTED BY A PYRAMID, WHICH REPRESENTS THE 
BALANCE BETWEEN NEEDS AND RESOURCES. AS NEEDS GROW 
AND EXISTING RESOURCES DECLINE, PLANS MUST ADD THE RIGHT 


AMOUNT OF NEW RESOURCES TO MAINTAIN THE BALANCE. 
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@. Assessinc NEEDS 
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7 to use it more efficiently over the next 25 


. years. Customer expectations also require | 


: that electricity be provided at low cost and | 
: with low environmental impacts. 
, There is some uncertainty about how 2 
ame pasate jae | fast Ontario’s electricity needs will grow, : 
, | but services that people use electricity for, | 

: like heating, cooling, lighting, motors, and : 
| 3 a | es : appliances, are fundamental in today’s | 
| | F 2 society. Projecting the capability of Hydro’s | 
| : existing electrical system against future : 
: needs shows that plans to reduce growth : 
| | in demand and provide additional supply : 
: are essential to maintain the quality of : 


: electrical service that the people of : 


» _ 


- Ontario expect. 


eps 
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: Generating Stations age over time, and — 
: eventually have to be replaced. In 25 years | 
: over a quarter of today’s facilities will be 2 


: at the end of their service lives. 


Additional electricity can be supplied — 


: from a number of sources — falling water, : 
both from within Ontario and other provinces, | 
: coal, uranium, oul, and natural gas. Another : 
: resource to meet future needs ts to reduce : 
: growing electricity needs by using electricity 
| more efficiently and at off - peak periods, : 
: or to purchase power from others in the 2 


: Province. 


To meet customer expectations for reliable, | 


: low-cost, and environmentally sound elec- | 
tricity service, Hydro must identify, analyze, | 
|: and evaluate current resources and future | 


7 options. 
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— MAKING PLANS 
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ia : Existing resources are inadequate to meet | 
: the forecast range of future needs. In order , 
: to bring future needs and resources into : 
: balance, Hydro’s integrated demand/supply : 
: plan combines demand-reducing options, : 
like energy efficiency improvements and | 

: shifting electricity use from high peak periods, , 

: with options to increase supply — natural : 
| 2 gas, hydraulic, and nuclear generation, 2 

: and purchases from other provinces and : 


: non-utility generators. 


Making plans involves combining options, : 


| testing and evaluating the results, selecting : 
| a proposed and alternative plans made ; 
: up of both demand-reducing and supply : 
options, and identifying the shorter term 
: actions necessary to implement long-term : 


3 plans. 
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EXECUTIVE SUMMARY 
DEMAND /SUPPLY PLAN 


1 


: The people of Ontario depend on electricity 


: for services that are critical to their jobs, lifestyles 
' historical information, they are nota simple : 


| and well being. 


2 


: Ontario Hydro has the major responsibility 
: To accommodate uncertainty, a bandwidth : 


3 for meeting these electricity needs, and has 


: the changing needs of society, changes in tech- : 


nology and the steps taken to use electricity 
more efficiently. Although load forecasts use : 


: extrapolation of the past. 


: developed a plan which covers the next 25 years. 7 


3 


7 


with an upper, median and lower forecast is 


: used. Assuming no incentive programs to reduce 


: demand, the median forecastis that the annual : 


: Ontario Hydro’s plan reflects public and cus- 
: tomer values including safety, environmental 
: protection, reliability and low cost. The planning : 


: process provides opportunities for public dis- : 


: cussion and review. 


4 


: New initiatives must be taken now to meet : 


peak power demand will increase by an average 
of 2.2% per year during the period 1989 to 
2014. The peak power demand is expected 
to increase at an annual rate of about 2.7% 


: until the year 2000 and then fall to lower levels. 


- The actual December 1988 primary peak power 


: growing demand and the requirement to replace 
: aging generating stations. There is an increasing 
: urgency to make decisions and implement 
, | that there is only a 10% probability that the | 
: actual demand will be greater than the upper 


' the plans necessary to meet these needs. 


Year over year growth in electricity energy 


' demand has averaged between 7% and 3% 


: demand was 23.0 gigawatts and the firm load | 


was 22.2 gigawatts. 


8 
Asaresult of its studies, Ontario Hydro believes 


| forecast and a 10% probability that demand | 


will be less than the lower forecast. Because : 


3 of the difficulty in accurately forecasting demand 


: for each decade of the last 30 years, but the 
: all demand to be met which falls within the : 


: growth in absolute terms has averaged about 


600 megawatts per year for peak power and : 


: 3.5 TWh per year for energy over the same : 


: 30 years. 


over such a long period, the plan will permit : 
range between the upper and lower forecasts. 


| Ontario Hydro’s system will have a total installed 2 


: electricity accurately over long periods because 
: demand depends on the growth in the economy, : 


: : capacity of 32.5 gigawatts by January 1993 when : 
' It is not possible to forecast the demand for : 


Darlington is completed, with aload meeting : 
capability of 26.3 GW. By January 2014, : 
8.7 gigawatts of capacity is expected to reach : 


<Executive Summary> 
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the end of its useful life. These retirements, 
which include 21 major generating units in 
7 five stations, will reduce the load meeting 
i for use in the development of Ontario Hydro’s 
: Demand/Supply Plans. This plan is based upon ; 


7 capability by 7.0 gigawatts. 


10 


: options necessitated by the retirement of facil- : 


: ities and the increased demand, ranges between 


13 : 
The Demand/Supply Planning Strategy contains : 
a set of principles, guidelines and priorities : 


: that strategy. 
» The requirement for new demand and supply : 


14 


: The highest priority is given to an aggressive : 


: 15.0 gigawatts and 26.2 gigawatts, depending : 


: upon whether the lower or upper forecast is 
used. The median forecast is that 21.3 gigawatts 
will be needed by January 2014, and 1.4 gigawatts 
: is estimated that the demand may be reduced 
: by 3.0 gigawatts by January 1999, and by 5.4 
gigawatts in January 2014, or about 25% of 
: One of the important developments in Hydro’s 
long-term planning to meet these needs is 


will be needed by January 1994. 


11 


: the integration of the customer or demand : 


: side of the electricity relationship. Demand | 
: management refers to measures taken by : 
: Ontario Hydro and municipal utilities to | 


: influence the amount and timing of customer : 


: electricity demand. Both demand and supply | 


: options are important components of the inte- : 


| grated demand/supply plan. 


12 
During the five-year period 1984 to 1989, 


: were reviewed that were relevant to meeting 


Demand Management Plan designed to reduce : 
demand by increasing the efficiency in the 
utilization of electricity and by shifting the 2 
load away from peak periods of demand. It : 


the additional requirement estimated for the : 
median load forecast. 


15 
This ambitious plan is based on continuing | 
cooperation with municipal utilities, customers, 
governments and the electrical industry to 
achieve successful delivery of the demand man- 
agement programs. : 


16 


: High priority is given to the maintenance, : 


: upgrading, and refurbishment of the existing 
: Ontario Hydro conducted a Demand/Supply : 
: Options Study. All demand and supply options : 


: sive public participation, including reviews 
: by the Select Committee on Energy of the : 
Ontario legislature, the study resulted in the. 
: completion of a Demand/Supply Planning : 


: Strategy in March 1989. 


generation and transmission facilities so as : 
to improve their performance, efficiency and : 


' reliability consistent with high standards of | 
: future electricity needs of Ontario. After exten- 


environmental] protection. 


17 
The potential for obtaining supply from non- 
utility generators on an economic basis has : 


: been carefully examined. Ontario Hydro’s objec- 
: tive is to obtain the maximum non-utility gen- : 
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erated electricity which can be purchased at 


" purchases is estimated to be 3.7 cents per kwh 


a cost not exceeding the cost to Ontario Hydro 


: of providing the same quantity. Planned addi- | 
: tions of NUG capacity are 1.6 gigawatts by 2000 : 
: year end, and 2.6 gigawatts by 2014 year end. : 


18 


($1989) which compares favourably with the 
cost to Ontario Hydro of generating the elec- : 
tricity itself. 


22 


| Ontario Hydro has negotiated for some time 


: Ontario Hydro has given the economic devel- : : 
: from Hydro Quebec, but so far Hydro Quebec 


: opment ofits hydraulic resources a high priority, 


' planning to develop nine newsites, redevelop | 


| three and extend the capacity of six. The | 
planned hydraulic capacity addition is 1.1 
gigawatts by January 1999 and 2.8 gigawatts 
: by January 2014. In January 2014, the con- 
2 tribution to increasing load meeting capability : 


is 2.2 gigawatts. 


19 


to purchase up to 4 gigawatts of electricity 


has quoted prices which are far in excess of : 
the cost to Ontario Hydro of generating the : 
electricity itself. These negotiations continue, 
but unless there is a major change in the pro- 
posed pricing, such a purchase will be uneco- : 
nomic. ; 


23 


2 Recently the Premiers of Newfoundland, Quebec 


: The planned demand management, non-utility 


: generation and development of hydraulic : 


: resources aggregating 9.3 gigawatts is about : 


: 12 gigawatts short of the requirement in January 
: 2014, as estimated for the median load forecast, 
: and 15.7 gigawatts short for the upper load | 


: forecast. 
20 


: supply options to satisfy the remaining require- 


' generation. 


21 


and Ontario discussed the development of 
3.6 gigawatts of electricity at the Churchill 
River in Labrador, and a committee of the 
provincial utilities has been formed to consider 
the generation and transmission of this power 
to be shared by the three provinces. This dis- 


; cussion is ata very early stage, and would not 
lead to any new supply until the year 2000 at : 
the earliest. All the proposed plans could be : 
Ontario Hydro has examined fourteen major 


adjusted to accommodate this supply if it proved : 


: attractive. 
: ment. The major options are purchases of 
electricity from neighbouring utilities, gen- 
' eration by fossil fuels and CANDU nuclear 
: : together with the high priority options, Ontario 
3 Hydro has selected three Demand/Supply Plans : 


' 0.2 gigawatts of electricity from Manitoba, com- 


' mencing in 1998, for a term of five years, and 


' in 2000. The levelized unit energy cost of these 


24 
From the fourteen major supply options, 


: which satisfy its planning criteria which include : 
: Ontario Hydro agreed in 1987 to purchase : 


cost, safety, reliability, diversity and the envi- 
ronment. Each Plan has the flexibility to accom- : 


' modate changes in demand. They all permit : 
: has recently negotiated a purchase of 1.0 : 
gigawatts for a term of 20 years, commencing 


the combination of options such as major gen- : 
eration projects with long lead times and options : 


: with short lead times capable of meeting unan- : 
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: ticipated developments such as delays in the : 
: required approvals, changes in demand and : 
: of nuclear and fossil generation. 


: changing fuel prices. 


25 
: The environmental evaluations of options and 


high priority options. These Plans differ from 
the Proposed Plan in respect to the contributions : 


29 


: Figure ES-1 illustrates the contributions of | 
: plans include discussion of acid gas, greenhouse 


gases, radioactivity, and other relevant con- 
: vals to January 2014. This figure is for the ; 
: Proposed Plan and median forecast. 


: siderations. 


26 


The preferred choice, “the Proposed Plan’, 
: features the high priority options and uses 
gigawatts; 
base load requirements, gas-fueled Combustion 
gigawatts; 


: CANDU nuclear generation to meet additional 


: Turbine Units to meet peak load requirements, 


: and existing fossil generation, modified by : 


: appropriate environmental controls, to meet : 
: intermediate load requirements. Under this : 
i plan to meet the median forecast to 2014, : 


ten CANDU units would be installed at three 


stations, and thirty-two Combustion Turbine 


i Units would be installed at four stations. All 
of the Combustion Turbine Units would be 
demand after allowing for the demand reducing 
: Integrated Gasification Combined Cycle as 
with the future supply in 2014 under the median : 
| forecast. : 


: convertible to Combined Cycle or coal-fueled 
flexible fossil options. 


27 


A-wide range of plans was studied including 
a plan with no new nuclear generation, and 
a plan with little new fossil generation. It was 
concluded these less diverse plans were not 


: reasonable alternatives. 


28 


; The acceptable Alternative Candidate Plans i 
: 22 (higher nuclear) and 24 (higher fossil) | 
also feature maximum contributions from the | 


the demand and supply options to meeting | 
the customers’ electricity needs at 5-year inter- | 


It should be noted that in January 2014; 
a) the required demand/supply is 21.3 


b) the planned demand reduction is 5.9 7 
c) the planned supply increase is 15.7 gigawatts, 
which includes 7.0 gigawatts for the replacement : 


of the retired generation. 


30 


Figure ES-2 presents the capacity and energy 


contributions of the various types of supply : 
used in the Proposed Plan to meet the customer 


options. The existing supply (1993) is compared 


31 : 
These figures show that the proposed plan 
uses a diverse mix of demand and supply options : 
to meet Ontario’s needs. 


32 


As the load forecast is very uncertain the 


Proposed Plan and the Alternative Plans provide 


for a wide range of possible demand for the 
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Figure ES-1 Proposed Demand/Supply Plan 15 —- Components 


Median Load Forecast (GW) 


Jan Jan Jan Jan Jan, ‘Jan 
1989 1994 1999 2004 2009 2014 
Basic Load Forecast (BLF) 23:2 269 |30.2 345 237.0 39:8 

Demand Electrical Efficiency 
Reducing Improvements (EE!) 0.0 0.2 1.4 2.3 2.8 3.3 
Options Load Shifting (LS) 0.0 0.6 0.9 1.1 1.2 1.3 


Non-Utility Generation — 

Demand Displacement (NUG-DD) 0.0 0.3 0.4 0.4 0.4 0.5 

Capacity Interruptible 

Load (CIL) 0.7 0.6 0.7 0.7 0.8 0.9 
Balance Firm Load Forecast (FLF) 224 252 | 68 200 318 339 

Future System — 

Load Meeting Capability (FS-LMS} 23.2 25.8 27.1 30.0 318 34.2 


*Supply Fossil (FOS) 0.0 0.0 0.0 1.1 2.4 43 
Increasing Nuclear (NU) 0.0 0.0 0.0 0.7 2.8 71 
Options Utility Purchase (UP) 0.0 0.0 0.2 0.8 0.8 0.8 

Hydraulic (HY) oy 0m |" Oot. 45 GR 
Purchase Non-Utility 
Generation (P-NUG) 0.0 0.3 0.6 0.9 1.1 1.2 
Existing System — Load Meeting 
Capability (ES-LMC) 202 26.5 | 25.5. 25.0 22.8 18:5 
*Retirements 0.0 0.0 0.0 0.6 2.3 7.0 
Meeting Required Demand/Supply (R-D/S) 0.0 1.4 47 95 142 £4243 
Requirements Demand Reductions in the Plans 0.7 1.7 3.4 4.5 5,2 5.9 
*Supply Increase in the Plans 0.0 0.3 1.7 49 9.0 15.7 
Plans Total 0.7 2.0 5.0 94 14.1 21.6 


All supply options expressed in Load Meeting Capability. 
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Figure ES-2. Supply Contribution — Capacity and Energy 


Proposed Plan 15 — Median Load Forecast 


Supply Capacity Supply Energy 
Generation Jan. 1993 Jan. 2014 p28 2014 
Type GW % GW % TWh % TWh % 
Hydraulic 6.5 19.8 9.4 2a. 35.7 23.5 40.8 19.1 
NUG Purchase 0.3 0.9 1.5 3.5 2.9 1.9 10.3 4.8 
Manitoba Purchase 0.0 0.0 1.0 2.3 0.0 0.0 7.0 3.3 
Nuclear 14.2 43.3 20.1 47.2 93.2 §1.4 143.0 66.9 
Fossil 11.8 36.0 10.6 24.9 20.0 13.2 12.5 5.9 
“082.84 10020 Ags6, — $0050; 151.8 213.6 100.0 


*$ 

: 

: , 

: auroras, 
: 


: year 2014, ranging from that required by the : 


: lower forecast to that required by the upper 
forecast: 

: upper 44.7 GW } 

median 39.8 GW} bandwidth = 11.2 GW 
lower 33.5 GW } 


33 

: Timely approvals are requested to permit the 
: upper load forecast to be met. The actual com- 
: mitments to build facilities will be made on 


: the basis of actual load growth experience. : 


: The Approvals to meet the upper load forecast 
: are required so that Ontario Hydro will have 


i than the median forecast. 


34 
The approvals requested are for certain of 
: the electricity supply facilities includedin the | 
: Candidate Plans, and pertain to: 


: a) the requirement and rationale for trans- : 


: mission in Ontario to incorporate purchases 


from Manitoba; and 


: b) the requirenfent and rationale for generation 
facilities and associated radial transmission ; 
facilities adequate to meet the requirement ; 
under the upper load forecast. 


Such approvals if granted will avoid a duplication ; 


of effort when the necessary applicationsare | 
the flexibility to adjust ifload growth is higher 


made for the approval of specific generation : 


: and transmission projects. 
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Chapter 2 


A Planning Overview 


Chapter 3 


Basic Load Forecast 


The purpose of the Demand/Supply 
Plan is to identify actions needed 
to serve the future electricity needs of 
the people of Ontario over 
the next 25 years and beyond. 


Hydro’s planning, reflecting customer 
values, gives priority to maintaining 
existing facilities and, where economic, 
to demand management, non-utility 


generation and hydraulic development. 


Purpose of the Plan 
] 


Environmental Assessment 
3 


Public Review 
4 


Integrated Planning 
4 


Planning Strategy 
Approval 
7 
Scope 


8 
The Demand/Supply Plan 
9 


The end product of the planning 
process is a Demand/Supply 
Plan which integrates demand reducing 
and supply options to meet increasing 
customer demand for electricity. 


Continuous Nature of Planning 
1 


Main Planning Features 
6 


Structure of the Report 
6 


<Table of Contents> 


Chapter 3 discusses what customer 
requirements for electricity 
service would be without Hydro’s finan- 
cial incentives to influence 
the level and timing of electricity 
demands on Ontario Hydro. 


There is a range of uncertainty about 
how rapid the growth will be. 
Hydro’s forecast range of growth is 
from 1.7 to 2.7 per cent a year. 


Basic Load Forecast Defined 
] 


History of Electricity Use 
5 


Factors in Forecasting 
8 


The Long-Term Load Forecast 
13 


Forecasting Methodology 
18 


Customer Use Patterns 
25 
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Chapter 4 


The Existing System 


Providing electricity service involves 
reliability and the environment, as well 
as low cost. Ontario Hydro currently 
relies on hydraulic (25%), fossil fuels 
(25%), and nuclear (50%) for 
its electrical energy. 


In 25 years, over a quarter of 
today’s generating facilities will be at 
the end of their service lives, thus 
reducing ability of the existing system 
to meet customer needs. 


Capacity 
3 


Energy 
4 


Utilization 
6 


Environment 
10 


Service Life 
12 


Reliability Reserve 
Ly 


Load Meeting Capability 
21 


Chapter 5 


Requirement for 


Demand/Supply Options 


Requirements for New Demand/Supply 
options compares the forecast 
electricity peak power and energy 
demand with the capability of 
the existing electricity system. Under 
the median forecast, new options 
are required by 1993, and by 2014, 
over 21,000 MW of demand-reducing 
and supply-increasing options 
will be required. 


Peak Requirements 
\ 


Maintaining Reliability 
3 


Energy Requirements 
5 


Timely Decisions 
7 
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Chapter 6 


Costing Concepts and 


Avoided Casts 


Costing concepts are described which 
allow Hydro to compare options with 
different characteristics and to compare 
plans whose options are implemented at 
different times, operate differently, and 
last for different periods of time. 


Avoided cost methodology helps 
determine whether high 
priority projects like demand manage- 
ment and non-utility generation 
are economic. 


General Costing Concepts 


Total Customer Costs 
4 


Uncertainty - Expected Costs 
1] 


Social and Environmental Costs 
12 


Avoided Costs 
15 


Chapter 7 


The Demand Management Plan 


Two elements of demand management are 
energy efficiency improvements, which 
reduce the amount of electricity needed to 
provide a given service, and load shifting, 


which reduces peak demand by shifting con- 
sumption from high-use to low-use periods. 


Capacity Interruptible Loads, where 
customers contract to cut back their use 
during peak periods, are also part of 
demand management. 


The Demand Management programs 
will contribute about 5000 
MW to meeting future needs. 


Concepts of Managing Demand 


Environmental Factors 
6 


Efficiency Potential 
9 


Load Shifting Opportunities 
17 


Capacity Interruptible Loads 
20 


Demand Management Plan 
21 
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Chapter 8 


The Non-Utility Generation Plan 


Ontario Hydro gives high priority to 
opportunities for customers, 
independent producers, and other 
utilities to meet future needs 
by producing their own electricity. 


The contribution from non-utility 
generation (NUG) can be in the form 
of reducing or eliminating the 
customer’s own electricity needs or in 
selling power to Hydro. The NUG 
Plan will add 2,500 MW of new capacity 
by 2014. 


Concepts of Non-utility Generation 


Factors Influencing Potential 
3 


Attainable Non-Utility Generation 
5 


Environmental Considerations 
8 


Non-utility Generation Plan 
10 
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The Primary and 


Firm Load Forecasts 


The Primary Load Forecast is derived 
by subtracting the expected 
future impact of reductions in demand 
resulting from electrical efficiency 
improvements, load shifting, and 
non-utility generation from the Basic 
Load Forecast. 


The Firm Load Forecast takes into 
account reductions in Hydro’s 
capacity requirement resulting from 
Capacity Interruptible Loads. 


Primary Load Forecast Defined 
l 


Firm Load Forecast 
4 
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Chapter 10 


Rehabilitation Plan 


Rehabilitation is designed to get maxi- 
mum economic use from existing 
facilities. Its purpose is to replace worn 
out, obsolete, or inefficient major 
components of existing facilities. 


It ensures continuing safety, reliability, 
economy, and environmental 
acceptability of these facilities to the 
end of their service lives. 


Concepts 
l 


Hydraulic Rehabilitation 
3 


Fossil Rehabilitation 
5 


Nuclear Rehabilitation 
8 


Mothballed Stations 
10 


Redevelopment 
13 


Rehabilitation Plan 
13 
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Requirement for New Supply 


To reliably meet future customer needs, 
Hydro must have a supply 
capability that includes a reliability 
reserve to accommodate 
stations out of service for planned and 
forced outages. The future 
system capacity requirement is equal to 
the Firm Load Forecast plus 
reliability reserve. 


The required capacity from the new 
supply options is 19,250 MW 
by 2014. That supply comes from 
hydraulic, nuclear, fossil and 
purchases from non-utility generators 
or neighbouring utilities. 


| Capacity Requirement 


Energy Requirement 
] 
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The Hydraulic Plan 


While a renewable resource, hydraulic 
opportunities are not inexhaustible. 
Undeveloped hydraulic resources have 
a reasonably large theoretical 
potential, but environmental, ecnomic, 
and technical factors limit how 
much falling water can actually be used 
to generate electricity. 


The Hydraulic Plan calls for 
development of 18 hydraulic sites which 
contribute 2,935 MW of 
capacity and 6.0 TWh per year 
of energy. 


Characteristics of Hydraulic 
1 


Hydraulic Potential 
3 


Economics of Hydraulic 
r 


Hydraulic Plan 
8 
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Chapter 15 


Requirement for Major Supply 


The requirement for major supply 
is equal to the total required 
new supply less the planned supply 
from purchases of 
non-utility generation and 
hydraulic generation. 


Under the median forecast, by 2014, 
the requirement for major new supply is 
15,000 MW of capacity. 


Capacity Requirement 
1 
Energy Requirement 


Uncertainty and Planning 
5 


Chapter 14 
Major Supply Options 


Options evaluated for development into 
plans include Quebec and Manitoba 
purchases, CANDU 3 and 831 MW 
CANDU nuclear units, conventional 
coal and coal gasification stations, natu- 
ral gas and oil-fired combustion turbine 
units, and combined cycle gas plants. 


Siting and transmission aspects 
associated with the options ar¢ also con- 
sidered in this chapter. 


Review of Options 
} 


Criteria for Evaluation 
5 


Identification of Suitable Options 
7 


Purchase Options 
7 


Fossil and Nuclear Options 
11 


Rationale for Selections for Plans 
28 ; 


Siting Considerations 


Transmission Considerations 
40 
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Chapter 15 


Major Supply Plans 


Criteria used to select a proposed plan 

include reliability, safety, environmental 

performance, cost, technical soundness, 
flexibility and social considerations. 


The Plan selected uses nuclear and 
natural gas technologies to meet major 
supply needs. Two other plans were 
also found acceptable - one using a 
higher proportion of nuclear, and the 
other using coal in place of 
one of the proposed nuclear plants. 


Criteria and Considerations 
1 


Cases Formulated 


8 


Capacity and Energy Contribution 
28 


Siting and Iilustrative Transmission 
33 


Comparison of Cases 
37 
Selecting Candidate Plans 
70 


Selection of Proposed Plan 
71 
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Chapter 16 


Avoided Cost Determination 


Chapter 17 


Demand/Supply Plans 


Chapter 18 


Action Plans 


Hydro’s avoided cost is the supply costs 
which are avoided when any 
demand or supply option is substituted 
for an equivalent part of a 
demand/supply plan. 


Avoided cost varies with factors such as 
time of delivery, load growth, and 
the candidate plans. The avoided cost 
of candidate demand/supply plans 
is used to determine the avoided cost 
used in the development of the 
Demand Management, Non-utility 
Generation, and Hydraulic Plans 


Simplified Method 
] 


Full Simulation System Incremental Costs 
2 


Incremental Energy Cost 
4 


Incremental Power Cost 
8 


Avoided Cost Sensitivity 
12 


Examples 
14 


Avoided Cost Feedback 
17 


Demand/Supply plans integrate plans 
for rehabilitation, demand management, 
non-utility generation, and hydraulic 
generation with major supply plans. 


Each of these integrated sets of plans is 
called a Demand/Supply Plan. 


One of these Demand/Supply Plans 
is identified as the Proposed 
Plan, and two are identified as 
acceptable alternatives. 


Common Components 
] 


Variable Components 
5 


Demand/Supply Plans 
6 


Rationale for Proposed Plan 
15 
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The Action Plans focus on the 
actions which must be taken 
to implement the Demand/Supply 
Plans. Each Demand/Supply Plan 
has actions associated with it, some of 
which require approvals. 


Chapter 19 


Approvals 


Each plan contains a number of 
components, and the approvals being 
requested in this application are. 
precisely identified. This is done for 
the Proposed Demand/Supply 
Plan and for each Alternative 
Demand/Supply Plan. 
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1 INTRODUCTION 


The people of Ontario depend on electricity for services 


that are critical to their jobs, lifestyles, 


and well-being. Ontario Hydro has a major responsibility 


for meeting those electricity needs. 


: Part of that responsibility is planning for 


: the future. 


: obligation for decades, but there is more to 


* electricity service than making sure that power 


EP acconcscvecscsacensecchepas 


: are used, what environmental impacts there : 


- ig available on demand. Needs evolve over 


time, Customers change, as do their concerns 
and priorities. Customers view many factors 
as important to Hydro’s planning, including 


will be, how Hydro can help in using electricity 
' more efficiently, and how people can help 


20: 


| Hydro plan and provide for the future. 


These customer values must be factored 


into long-range utility planning, and so must 
other developments in society - such as a grow- 
ing population and economy, the development 
of new technologies, and the changing prices 


of fuels and other commodities. 
Growing and changing customer needs are 


age and eventually need replacing. 


Today ~ facing growing use of electricity 
: and the approaching retirement of older | 


: generating stations — there isan increasingly 


: urgent need to make decisions andimplement | 
: what customers will need and expect wellinto | 


the plans necessary to meet future electricity 


: requirements. 
Providing reliable power has been Hydro’s 


Those requirements are substantial. By 2014 


: new options to reduce growth in demand and : 
increase supply are needed in amounts which, 
: in total, are approximately equal to today’s 
entire system demand. Options are needed 
: now for three basic reasons: : 
' @ To provide continuing reliable electricity 
: what they pay for services, what technologies : 


service to customers — by ensuring that the | 
generation capacity available is adequate (after 


allowing for demand reducing options); 
: m To maintain low electricity costs to customers 
as by ensuring that low cost energy demand : 
| and supply options are developed; and : 
_ m Tomeet environmental objectives by meeting 
regulations and standards and by taking a 
: leadership role in environmental protection. : 


Without timely decisions on new demand : 


: and supply options, it will not be possible to 
: achieve all of these objectives. 3 
one impetus for planning. Another is that 3 
:; Hydro’s ability to meet those needs with the : 
current system will decline as generating stations 


Hydro’s planning cannot focus only on im- : 


_ mediate problems and circumstances. | 
: It must respond to longer term expectations : 
: - for two key reasons: 


m First, because of the long service lives of : 
generating stations and the associated major | 


: commitments to future fuel resources. Decisions | 
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Ontario's farming community depends ona 


reliable source of electricity. 


<Providing the Balance of Power> 


<Introduction - Chapter One> 
1-2 


Select Committee on Energy 


The Select Committee On Energy of the Ontario 3 


Legislature noted in 1989 “The supply of electricity 
is vital to the functioning of our modern society. 
Many of the advanced technological processes 
and equipment which we have come to rely upon 
depend on a reliable and economical supply of 


electricity. The Committee has also learned that 


the continued supply of electricity is a complex : 
matter with a broad range of alternatives and : 


diverse environmental, social, economic, and : 


public policy implications.” 


Hydro’s Customers 


Ontario Hydro’s customers are its 860,000 rural 
retail customers, 105 direct industrial customers, 
and the 316 municipal utilities. Because these util- 
ities themselves sell power to 2.5 million homes 
and businesses throughout Ontario, most end 
users of electricity are not strictly speaking 
Ontario Hydro’s customers. However, when the 
term “customer” is used in this report, it will refer 
to all electricity users in the province. 

Apart from traditional service issues like reli- 
ability and cost, customers are also members of 
the public, and have a relationship with Hydro that 
is based on broader issues like the environment, 


safety and other social impacts. 


25 


30 


20: 


2} 


ao : 


35 


: has been a steady 
: 600 megawatts a year. 


can never be a sim- 
ple extrapolation of 
past trends, It must 
recognize uncer- 
tainty. Factors like 
population and the 
economy, the devel- 
opmentofnewtech- Contributing to the quality of life of today’s and tomorrow's generation. 
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taken within the next fewyears will have major 
effects in Ontario for much of the next century. 
m Second, because of the long lead times - 
10 years or more - to bring new facilities and 3 
programs into operation, some of the decisions 
taken over the next few years will not deliver 3 
results until 10 or 15 years from now. 
3 Meeting long-term expectations must be : 
: carried out in the face of high uncertainty | 
with respect to forecast growth. Uncertainty, 
which is necessarily a part of any forecast of 
electricity growth, is recognized in Hydro’s 
planning in the bandwidth of possible load 
growths — upper, median, and lower. vantages of the proposal submitted for approval 
Changing patterns of electricity use | 
must also be factored into planning. The his- 
tory of year-over-year growth in electricity 
: demand? has ranged from about 7% to 3% | 
over the past three decades, but the growth 
in absolute terms 


Yet forecasting 


nologies, and the 
changing prices of fuels and other com- : 
moditites all affect future need. Hydro : 
plans on the basis of a bandwidth of possible 
| growth — upper, median, and lower. 


Ifload grows near the median of the range, 


: new options must be put in place commencing 


: T terms marked with this symbol are found in 


the glossary. 
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in the early 1990s. If load follows the upper ; 
forecast,! the need for new supply/demand 
options is particularly urgent. 


Environmental Assessment 
Ontario’s environmental assessment legislation : 


is designed to encourage good planning and 


informed decision making. The Environmental 
Assessment Act sets out a variety of requirements 
to assist in achieving these objectives. In 
general terms, they include consideration of : 
alternatives, and the identification and eval- 
uation of the effects, advantages and disad- 


and its alternatives. Under the Act, specific 
matters ~ those for which approval is requested : 
and required — are identified asthe undertaking. : 


The undertaking, as described in this envi- : 
ronmental assessment document, is made up : 


of specific Demand/Supply Plan components, : 
and constitutes a Program in respect of activities 


: associated with meeting future electricity 
requirements. The approvals requested are 
set out in Chapter 19. The Program represents 
only a part of the results of the integrated : 
demand/supply planning which led to the 


7 identification of Candidate Demand/Supply 


: Plans. Many of the components of the Plan, : 
: suchas demand management, | do not require : 


: Environmental Assessment Act approvals. 


: Public Review 


: The environmental assessment process provides 
formal opportunities for organizations and 
individuals to present their views to the hearing 
panel making the decisions on the Program. 
But apart from the hearing, Hydro will also 
be providing opportunities throughout Ontario 
for the public to meet with Hydro representatives 
- to help in the public understanding of the 
planning process, and the Proposed 


Demand/Supply Plan. 


: While the plan put forward in this document 
7 represents Hydro’s judgment on how best to 
meet Ontario’s future electricity requirements, 
it also has the flexibility to accommodate dif- 
ferent conclusions on many of the trade-offs 
which are necessarily part of electricity planning 
Forecast future growth again demands that : 
Hydro respond to a changing and growing : 
Ontario. But Hydro’s response will reflect new 7 


: for Ontario. 


: So the views expressed during the public 
information program will be important — those 
views will be carefully considered, and will 
be reflected in Hydro’s presentations at the : 
hearing. The hearing itself will contribute to 
the public debate and discussion of planning 
issues, and Hydro’s position will be responsive 


: to that debate. 


3 Focus on Integrated Planning 


: One of the important developments in Hydro’s : 
: planning process is the integration into long- : 


: term planning of the customer or demand 
: side of the electricity relationship. 


Demand side activity is by no means new : 


: to Ontario Hydro. For many years, Hydro 
: has worked with customers to improve a 
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side today is its role in long-term planning. : 
In the past, utility planning was mostly con- : 


together into larger ones to gain economies 


of scale, increasing reliability and lowering — 
cost to electricity users. The emphasis was on : 
the expansion and the integration of the : 


province-wide supply grid. 


In the last 30 years, year-over-year growth 


cerned with meeting service needs through : 
increasing supply. In the earlier years of this 3 
century, the planning priority was to develop 3 
new technologies for generating and trans- : 
mitting power. Small systems were linked | 


: in electrical demand has ranged from about | 
7% to 3%, but growth in absolute terms has : 


i improving the insulation on water heaters. | MGUelCU aE OUU ie CMa Cle 


Whatis significant about the role of the demand : 


Preparation of the Demand/Supply Plan has : 


integrated a variety of factors, including: 


¢ Public consultation on planning principles 


and options 
¢ Demand Management 
¢ Non-Utility Generation 


: ¢ Retirement of aging generating stations 


been a steady 600 MW a year. In response to : | 


growing customer needs and a changing society, 
Ontario Hydro has put in place a variety of 
large generating stations which have served : 
customers well in providing reliable service. 


kinds of priorities. 


Influencing customer use, demand man- 
agement, is now a top priority in Ontario Hydro 
planning. Demand management has been inte- 
grated into planning so that Hydro can evaluate 


the requirements for increased supply. 


Non-utility generation (NUG)t also has : 
: an important role to play in meeting future : 
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: demand and supply options on an equivalent ': 
i basis, and determine the most appropriate : 
: ways to reduce growth in demand while meeting : 


energy needs. Non-utility generation is electrical 
generation owned and operated by producers 
in Ontario other than Ontario Hydro. Non- 
utility generation adds diversity to traditional 
variety of electricity uses -an example being 


: 10 


i 20 


: 25 


i 35 


20 


25 


30 


1984 


Ontario Hydro was in a surplus situation. However, 
Ontario Hydro foresaw the need for new demand/ 


' supply options before the end of the century. This 
_ provided an opportunity to review and reconsider 


all the options. 
Hydro undertakes a comprehensive study of all 


: demand and supply options available to generate 
: or save electricity. This includes options which 


have only specialized or limited commercial 


- applications. 
1985-86 
' Hydro initiates public consultation to determine 


what customers and the public value as important 


: about electricity service, what concerns they 


- have, and what preferences, priorities and options 


they would like to see Hydro follow in planning. 
This consultation process included legislative 


- select committees, public interest groups, govern- 


ment ministries, customer attitude surveys, and 


: community representatives in many centres 


’ across Dntario. 


1986 


- Select Committee on Energy of the Ontario 
‘ Legislature holds a public hearing to discuss 


Hydro’s planning options. 
1987 


Hydro develops a Draft Demand/Supply Planning 


Strategy — a set of principles, priorities, and guide- 


' lines to be used in the development and updating 
- of Demand/Supply Plans. 


This strategy was based upon the options 


' study carried out during 1984 and 1985, the 


public input received, and a detailed study of 


' 15 representative plans covering the following 
- broad approaches: 


‘The Development of the Demand/Supply Planning Strategy 
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e Extremes with “all demand” options and “all | 


supply” options 


e Mixed plans with both demand and supply — 


options 


* Distributed plans using smaller supply and : 


demand options 
* Impact of no new nuclear generation 
« High purchases and fossil generation 
« Impact of delaying work on supply options 
« Price-induced demand reductions 


The study of the representative plans includes : 


the following: 

* Financial impacts 

* Environmental impacts 

* Social and community impacts 

¢ Sensitivity and risk analysis 

¢ Provincial economic impact assessment 


¢ Discussion of resource diversity 


| © Transmission aspects 


1988 


The Ontario Nuclear Safety Review, conducted : 


by Dr. F. Kenneth Hare, concludes that the Ontario 


Hydro reactors are being operated safely and 


that the risk of accidents serious enough to 


affect the public adversely can never be zero, but . 


is very remote. 


The Government of Ontario begins a review - 


process of Hydro’s draft planning strategy which 


includes ministerial reviews, a specially consti- . 
tuted Electricity Planning Technical Advisory Panel 
review, a Select Committee on Energy review and 


the Ontario Nuclear Cost Inquiry. 
1989 


Hydro’s draft Strategy is revised based on recom- 
mendations received, and is approved by Ontario : 


Hydro’s Board of Directors in March 1989. 
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Avoided costs are the supply 
costs avoided when any 
demand or supply option is 
substituted for an equivalent 


part of a demand/supply plan. 


: electricity supply resources and promotes the | 
: recycling of waste products as fuel. Because : 
: of the relatively small scale of many NUGs, 


; they can be built fairly quickly and can be 


: adapted more easily to local conditions. They | 
: also encourage private sector producers | 
: to share development and financing risks : 


: with Hydro. 


The primary method used by Hydro to estab- , 


lish the economic value of demand management 
- and non-utility generation is the avoided costt 


: concept. By calculating Ontario Hydro’s avoided - 
: costs, the costs and benefits of various demand | 
: management and non-utility generation projects | 


2 can be compared with supply options. 
“Avoided costs” are the supply costs avoided 


when any demand or supply option is substituted 
for an equivalent part of ademand/supply plan. 
; A major factor which must be integrated 3 
: into today’s planning is the expected retire- : 
3 ment of a large amount of existing generating | 
: capacity. For the first time in Ontario, a | 
3 significant reduction in the load meeting capa- ; 


bility of Hydro’s existing system must be 
: accommodated in planning. 


| During the 25-year plan period, all or part 
- of five generating stations (totalling 8.7 GW 


; of capacity) are due to be retired. 


: Another important feature is the integration | 
: Of public views and inputs into Hydro’s planning - 
: process. In order to ensure that its planning - 


reflects the public’s priorities and values, Hydro 


: sought their views on electricity options and : 


: planning priorities. 


: Throughout this report reference is made _ 
: toconcerns about maintaining reliable power, | 
- protecting the environment, ensuring public - 
safety and keeping electricity costs low. ; 
Consultation and feedback from customers | 
and the public have shown these values to be - 
by far the most important planning priorities 


for Hydro. 
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Priorities in Planning 


The Demand/Supply Planning Strategy contains 
five basic thrusts: 
* Ontario Hydro will give top priority to demand 


- management to reduce load growth through elec- 


tricity use efficiency and load shifting. Demand 
management options that contribute to low cus- 
tomer cost of electrical service will be aggres- 
sively pursued. The cooperation of municipal 
utilities, customers, governments and the electri- 
cal industry will be essential for the successful 
delivery of demand management programs. 


_ © Ontario Hydro will give a high priority to the 


maintenance, upgrading and refurbishment of the 
existing generation and transmission facilities 
such as to improve their performance, efficiency, 
and reliability consistent with high standards of 
environmental protection. 

¢ Ontario Hydro will give a high priority to encour- 
aging non-utility generation to provide a part of the 
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need for new resources. Preference will be given - 
to renewable resources such as small hydro and 


wood waste. Also fossil generation which employs 


high efficiency cogeneration will be preferred over ; 


conventional technology. 


¢ Ontario Hydro will give a high priority to the 


orderly development of the remaining economic | 


hydraulic potential, recognizing that this is a 
renewable but limited resource. 


¢ Ontario Hydro will keep open the options for 
major new supply facilities to meet growth andthe - 
need to replace old plants and thus ensure a reli- 
able electricity service into the next century. The 


major supply options are CANDU nuclear, fossil 
and firm purchases from Manitoba and Quebec. 


The Oemand/Supply Planning Strategy best | 
meets the future electricity needs of Ontario © 
and will give the flexibility to cope with an 


uncertain future. 


20 


25 


0 | 
of different plans - called cases - were studied. 
: Each of these considered a different combi- - 


- Priorities, Strategy, Plan 
: In March of 1989 Ontario Hydro completed - 
: development of the Demand/Supply Planning : 
Strategy. This strategy was a culmination of 
a five-year planning process involving the study 
: and testing of options, public input on values, 
- and the development of a strategy to assist 
in the identification, evaluation and selection - 
of options and plans. The Demand/Supply : 
: Planning Strategy (DSPS) is included in | 
- Appendix A. The DSPS is a set of principles, | 
priorities and guidelines which provide the 
; basis for planning — setting out the rationale : 
for a consistent approach in making judgments 3 
and decisions about such plan elements as : 
costing principles, resource preferences, and 
evaluation criteria. The Proposed Plan is based | 
_ on the Demand/ Supply Planning Strategy. 3 


In preparing the strategy, the focus was 


on the development of planning principles | 
: and priorities, electrical service values, and : 
various supply and demand options. For the _ 
Demand/Supply Plan, the focus has shifted ; 
| to the preparation, review and approval of 
; definitive plans and proposals. 
The work to develop a long-term demand / 
supply plan focussed on identifying a 25-year 
proposed plan - and an associated shorter 
: term action plan -which best reflect the plan- | 
ning strategy. During the process, alarge number | 


- nation of options. Evaluations led to three | 
: alternative plans, known as Candidate Plans. 
| The Strategy sets out criteria for developing 
and assessing alternative plans. All alternative 
: plans considered in the evaluation had to meet 
environmental and reliability requirements 
and standards. Further analysis also evaluated | 
each case on criteria such as resource pref- : 
erences and provincial economic impact. 
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An environmental analysis of alternative : 


plans was also undertaken. Natural and social 


environmental effects of the demand man- 


- plans, and of the major supply plans were 
identified and analyzed along with potential : 


for mitigation of adverse environmental effects. 
The results of this analysis are presented in 


Environmental Analysis Report. 


Approval Requested 


: Ontario Hydro has developed a Demand/Supply 


Pian for the provision of electricity service in 
Ontario. The Plan proposes various options to be 
committed over the next 25 years for service to the 
people of Ontario over much of the next century. 
This report explains the rationale for the proposed 
Demand/Supply Plan, including the rationale for 


~ those plan components recommended for approval 


under Ontario's Environmental Assessment Act. 
Alternative plans with different advantages and 
disadvantages were evaluated and compared in 


arriving at this recommendation. The overall | 


Demand/Supply Plan includes major commitments 
to electricity-reducing options; to electricity gen- 
eration to be owned and operated by independent 


producers (non-utility generation); to purchases 


_ from outside the province; to rehabilitation of 


existing Ontario Hydro facilities; and to the 
orderly development of hydraulic resources. The 
Pian also proposes the addition of fossil and 
nuclear generation facilities. 

Many of the components of the Plan do not 
require Environmental Assessment approval. The 
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In developing the Demand/Supply Plans, : 


: Hydro gives priority to: 
environmental criteria were identified. The : 


* maintaining and improving the existing system | 


- © economic demand management 
_ agement, non-utility generation and hydraulic : 


* economic non-utility generation 
* remaining economic hydraulic generation | 
These all take priority over developing | 


additional major supply plans and areacommon : 
: elementin all the plans. This approach is con- 
_ the reference report, Demand/Supply Plan, : 


sistent with customer and public feedback to - 


: Hydro, and with the advice of the Select | 
: Committee. 


Program Approval requested in this application - 
relates only to certain components of the Plan, 
including the following: 
¢ the requirement and rationale for: 
— transmission facilities to incorporate electricity 
purchased from Manitoba; 
— eleven stations in the Hydraulic Plan; 
— new fossil generation; and 
— new nuclear generation 
* the requirement and rationale for combustion - 
turbine units on existing sites, if required to meet | 
electricity demand. 
* the requirement and rationale for radial trans- | 
mission to connect the above generation to the : 
Ontario Hydro transmission system. 
For the formal description of the approval - 
requested, reference should be made to : 
Chapter 19. Subsequent assessment of individual - 
projects will focus on ensuring that those projects 
are located and implemented in an environmentally 
acceptable manner. The project assessments will 
not duplicate nor reconsider the planning issues 
determined by this application. 
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Electricity is so much part of our lives that we rarely think of where it comes from. 
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: Scope 
2 The Demand/Supply Plan addresses a range | 
_ of demand and supply options which require ; 
' different time periods to implement, and which | 
: have long-lasting implications for the province. 
| The Plan identifies the need for additional - 
demand and supply commitments over a | 
_ 25-year time horizon - responding to the long : 
: lead times needed for implementation. Options ; 
: do not make a contribution to meeting cus- : 
3 tomers’ electricity needs until they are approved : 
_ and implemented. 3 
| The Plan covers a wide range of supply 3 
_ options, It includes the purchase of electricity ; 
: from Manitoba, and from Ontario sources other 
: than Ontario Hydro (non-utility generation), 
as well as generating stations owned and 
| operated by Hydro. 
_ The Plan also covers a wide range of demand- 
3 reducing options, including incentives to cus- ; 
- tomers to use electricity more efficiently or : 


: 20 


25 


30 


; gb 


3: 


30 } 


: to shift use to off-peak times. Options are avail- 
: able for all types of customers - residential, 
: commercial, and industrial. 


The Plan also includes those hydraulic pro- 


: the radial transmission required to connect 


: transmission required to transfer energy between 
: various areas in the province. These are being 


: plans are being developed for public review. 


ning period, Hydro’s facilities continue to 
age. Some of Hydro’s hydraulic stations will 
exceed 100 years of age during the planning 
period. Similarly, the coal stations built in 
| the 1950s and ‘60s will reach the end of their ‘ 
and systematic way. It is the first plan in over 
a decade to propose the approval of major : 
new supply options. It is the first plan to use 


useful lives. Some of the nuclear units are 
scheduled for retirement within the 25-year 
timeframe. The Plan provides for replacement 
explicitly a publicly reviewed strategy as a basis 
for planning. It is the first plan that must address 
: the retirement of a large amount of generating 
: confident that it provides appropriate balance 


of retiring plants as well as serving growth 


: in customer needs. 
The implication for technologies having : 
such long service lives is that decisions taken 
today have impacts for many generations. Hydro 
to meeting Ontario customer electricity needs. 
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customers today are being served reliably and : 
: at low cost by past investments. 


For the immediate future, the only options 


which are reasonable to consider are those 
jects for which the planning and approvals 
: process is underway - Little Jackfish, Niagara, | 
the Mattagami Complex, and two smaller sites. 
: Although the Plan includes evaluation of 
become available. 
: generation into the electricity system, it does 
not address future needs for the inter-area 


While lowcost and reliability are important 


ronmental considerations. All options must : 
: address electricity needs in a responsible way, | 
: studied, and separate inter-area transmission 


and environmental considerations are a key 


component in developing and evaluating plans. 
As options are implemented over the plan- : 


The Demand/Supply Plan 


This Demand/Supply Plan represents a mile- 
stone for Hydro and its customers. It is the 
first plan to integrate demand management 
and non-utility generation in a comprehensive 


facilities as well as growth in customer demand. 


The Plan calls for an integrated approach : 
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An integrated approach is necessary to 


: achieve an appropriate balance in planning 

- and achieving balance is an important goal 
of the Demand/Supply Plan. 
based on today’s proven technologies. At the 
: same time it is necessary to retain sufficient : 
flexibility to take advantage of technological 


Planning aims for balance in a quantitative : 


: sense — balancing estimates of future cus- : 
: tomer needs for electricity with the resources : 
advances and other opportunities as they : 


to meet them. 
Planning also aims for balance in a qualitative 


: sense — balancing customer values like reliability, 
in meeting customer expectations, so are envi- 


a clean environment, and low cost. 
The Demand/Supply Plan provides balance 
in both senses. It draws together an appropriate : 


: mix of demand and supply options, and ensures : — 
: that the needs for the next 25 years can : 
i be met. : 


| The Plan: 


* maximizes the use of the existing system; 
* pursues all economic demand management 
and non-utility generation opportunities; 
¢ develops economic hydraulic sites; 
* incorporates out-of-province purchases; and, 
* meets the balance of future requirements 
with new fossil and nuclear generating capacity. 

Ontario Hydro recommends the proposed 
Demand/Supply Plan to the people of Ontario, : 


in electric power planning. 
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2 PLANNING OVERVIEW AND 
REPORT STRUCTURE 


In addition to a brief discussion of characteristics and 


appropriate principles for planning, this chapter 


provides a guide to the balance of the document by outlining 


the content of each of the next 17 chapters. 


: In turn, those chapters provide the main ; 
facts, guiding principles, evaluation crite- 
ria, comparisons and judgments that led 
Hydro to its recommendations. More 


' Continuous Nature of Planning 
: The end product of the planning process is | 
a Demand/Supply Plan, which comprises a 
set of plans addressing various options for 


: options include demand management, non- 
utility generation, hydraulic, rehabilitation, 
; and major supply additions. : 
The general approach to the demand/supply 
planning process considers the following four 
blocks of activities. 
: w First, the requirement for additional 


m Second, the feasible demand and supply 


mined. Planning characteristics include: 
: © availability 
: © cost 


* reliability 
* environmental impacts 
* economic impacts 


m Third, plans are developed and analyzed. 
detailed data and analysis can be found 
2 in the supporting reports referenced at the 
- back of the document. 


Each plan contains a selected set of the : 


: demand/supply options as one way of meeting | 
the future needs. : 
| m Fourth, the most effective plan is proposed : 
and acceptable alternatives are identified. 3 


The chapters in the report are designed 
to set out the various elements of planning 


: in a sequence which shows their logical link- 
: meeting customer electricity needs. These : 


ages, recognizing that planning itself is an 
ongoing process. 
Each year the data base on actual customer : 


| loads? is updated and new forecasts are devel- 


oped for economic and load growth and other ! 
factors. Similarly, the options are updated con- : 


: sidering cost experience, changing technology 
and new environmental requirements. The 
demand/supply options to meet the future 
: customer electricity needs of Ontario is 
determined. | 


plans are then adjusted to take into account | 
the updated forecasts and options. This process : 


: of updating, reviewing and adjusting plans 
is a continuous process. 
_ options are identified to meet these needs, | 
and their planning characteristics are deter- 


While recognizing that adjustments will 
be necessary from time to time, long-term ; 


planning must give a firm direction for 
future actions. The Demand/Supply Plan meets : 
this objective. 
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: Electricity plays a role in our enjoyment of 


cultural activities. 
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Using the Planning Guide Figure 2-1 


| : The planning guide Figure 2-1 illustrates in a sim- : 
:| flified way the essential steps in the demand/ : 
Supply planning process. The structure of this plan : 
‘_ Heportis based on this guide. At the beginning of : 
: Bach chapter, the guide is reproduced to highlight 
‘| the applicable planning component. 


: 20 
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Figure 2-1 Demand/Supply Plan — Report Structure 
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Figure 2-2 Demand/Supply — Terms and Interrelationships 


a 
> 


~ 


Supply 
increasing 
options 


Demand 
reducing 
options 


Legend 

C Capacity 

LMC Load meeting capability 
R Reserve 

ES Existing system 
P-NUG Purchase NUG 

HY Hydraulic 

UP Utility purchase 

NU Nuclear 

FOS Fossil 

FS Future system 

FS-R Future system reserve 


Electrical efficiency improvement 
LS Load shifting 
NUG demand displacement 


CIL Capacity interruptible load 
FLF Firm load forecast 

PLF Primary load forecast 

BLF Basic load forecast 
Requirements 

RS-C Required supply capacity 


RMS-C Required major supply capacity 
RS-LMC Required supply load meeting 
capability 


R-D/S Required demand/supply 


i Demand/Supply Balance Diagram 


Figure 2~2 lays out the various planning compo- 
nents and shows how they achieve a balance by 
: Demand Reducing Options 
The following are the steps in this “balance 


reducing demand and increasing supply. 


diagram” moving first from right to left (reducing 
demand), then from left to right (increasing supply). 


: THE DEMAND SIDE 
: The Starting Point 


cast is the forecast of peak power and energy 


amount and timing of demand on Hydro’s system. 


EEI (Electrical Efficiency improvements): Hydro 


power and energy demand. 
BLF (Basic Load Forecast): The Basic Load Fore- : 
LS (Load Shifting): Load shifting reduces the 


demand that Ontario Hydro would have to meet peak power demand by shifting some electric- 
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: without financial incentives to influence the : 


: has incentive programs in place to encourage cus- 
tomers to adopt higher efficiency electrical equip- 
ment and to use electrical equipment more 
efficiently. The net effect is to reduce the peak 


: NUG-DD 
Displacement): This refers to non-utility genera- 


ity demand from periods of high use to periods 


of low use. 


(Non-Utility Generation, 


tion which supplies electricity to meet the pro- 
ducer’s own needs. Although it involves additional 
generation of electricity, it has the effect of 
reducing the peak power and energy demand on 
: Hydro’s system. 


PLF {Primary Load Forecast): This refers to the 
forecast obtained by subtracting EEI, LS, and 


Demand : 


3 20 


3 


20 


30: 


3% 


: NUG-DD from the Basic Load Forecast. The 
Primary Load Forecast is the forecast of peak 
power and energy which Ontario Hydro would nor 
mally generate or purchase in order to meet 
7 customer demands. 


: CIL (Capacity Interruptible Load): Some customers 
contract to reduce their power demand at the 
‘ request of Hydro when the peak demand on : 
Hydro’s system begins to exceed supply. Capacity 
: Interruptible Load (CIL) is the peak power reduc- | 
tion expected to occur when the contracted loads 
are interrupted. 


Demand Reductions Summary 


capability of the future system is equal to the Firm 


Load Forecast for that year. 


FS-R (Future System Reserve): To maintain reliable 
customer supply when stations are out of ser- 
: vice for planned and forced outages, and in 
face of uncertain load growth, there is a need for 
additional generating capacity called Future : 
System Reserve. 


Future System Capacity is equal to the Future 
: System Load Meeting Capability plus the Future 
The Future System Capacity is equal to the Existing 
System Capacity plus the five supply increasing : 
! options P-NUG, HY, UP, NU and FOS. 2 


System Reserve. 
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| THE SUPPLY SIDE 


The Existing System 


face of uncertain load growth, there is a need for 3 
additional generating capacity called Existing : 


System Reserve. 


: ES-C (Existing System — Capacity): This is the : 
FLF (Firm Load Forecast): This is derived by sub- 
tracting the Capacity Interruptible Load from the 
: Primary Load Forecast. The Firm Load Forecast is 
used for planning capacity requirements. 


installed capacity of the existing system. It is equal ; 
: to the Existing System Load Meeting Capability : 


plus the Existing System Reserve. 


: Supply Increasing Options 
| P-NUG (Purchase Non-Utility Generation): The | 
The Firm Load Forecast used for planning supply 
is equal to the Basic Load Forecast minus the 
four demand reducing options — EEI, LS, NUG-DD, 
_ and CIL. | 
| BALANCE POINT 
 FS-LMC (Future System Load Meeting Capability): 
For any year, balance exists if the load meeting : 
‘ UP (Utility Purchase): Purchases from out-of- 
province utilities are used to increase supply 
i when economic compared to Hydro’s own : 


power produced from economic non-utility gener- 
ators is part of Hydro’s plan to meet future 
Capability): For any future year the Required 
Supply Load Meeting Capability (RS-LMC) is equal : 
to the difference between the Future System Load 


electricity needs. 


HY (Hydraulic Generation): Development of the 
remaining economic hydraulic generation in the 


province will increase future supply. 


generation options. 


increasing option. 


FOS (Fossil): Fossil generation is a major supply 
: increasing option using fuels such as coal, gas 
: FS-C (Future System Capacity): The required 


and oil. 


Supply Increasing Summary 
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Balancing Demand and Supply : 


: ES-LMC (Existing System Load Meeting Capabil- 
ity): This is the projected firm load that the existing A “balance diagram” is illustrated in Figure 2-2. : 


: system can meet for any year in the plan period. ‘ ; 
: 4 Sot pan paste : The diagram illustrates the following: 


: ¢ The components of the Demand/Supply Plan. 
ES-R (Existing System — Reserve): To maintain reli- : P pune 
, : ©The options which reduce electricity demand. 
able customer supply when stations are out of : 


service for planned and forced outages, and in : *The options which increase the supply. 


The diagram shows how the supply and : 
demand are balanced. 


REQUIREMENTS 
R-D/S (Required Demand/Supply): For any future 
year the Required Demand/Supply (R-D/S) is equal 


: to the difference between the Basic Load Forecast | 
: (BLF) and the Existing System Load Meeting : 
: Capability (ES-LMC). The R-D/S is to be met by new : 


demand and supply options. 


RS-LMC (Required Supply Load Meeting | 


Meeting Capability (FS-LMC) and the Existing | 


: System Load Meeting Capability (ES-LMC). 


RS-C (Required Supply Capacity): For any | 


future year the Required Supply Capacity (RS-C) 


is equal to the difference between the Future 


: System Capacity (FS-C) and the Existing System 
Capacity (ES-C). The RS-C is to be met with new 
NU (Nuclear): CANDU nuclear is a major supply : 


supply options. 


RMS-C (Required Major Supply Capacity): For any 
future year, the Required Major Supply Capacity : 
(RMS-C) is equal to the Future System Capacity 
(FS-C) minus the Existing System Capacity (ES-C), 
the Purchase Non-Utility Generation (P-NUG) 
capacity and the Hydraulic (HY) capacity. The 
RMS-C is to be met by new major supply options. 
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' Main Planning Features 


: demand/supply planning. These are: 


: 1. Thatitis integrated demand/supply plan- : 

| Structure of Report 
The report structure is shown in Figure 2-1. 
The content of each chapter is outlined 


ning in that both the supply of additional 


: electricity and the implementation of demand 


i measures to reduce demand through better 
: use are expected to provide important con- 
: tributions in meeting future requirements. 


: are comprehensive. Options have been assessed 
and plans developed on the basis of low cost, 
' and high flexibility, as well as their ability to : 
meet technical and reliability standards. 


: Environmental and social impacts have been 


i considered in the assessment of both options 
: and plans. Detailed local environment and : 
: siting considerations will be the subject of : 


: project environmental assessments. 


: 3. That there are clear planning priorities : 
: for the selection of options. Priorities are to : 


' be given todemand management, non-utility 


: generation, and hydraulic generation, and : 
to maintaining and improving the existing 
system. After developing the plans for these 
priority options, the major supply plan is devel- 7 


: oped to meet the remaining requirements. 


: 4. That developing plans provide flexibility : 
i to accommodate uncertainty in the load forecast, 
: in forecasts for demand management and non- : 


: utility generation, and uncertainty in forecasting 


: the future cost and performance of potential : 


: supply options. 


: 5. Thata long time-frame for planning is nec- : 
: essary, given the 10 or more years needed for | 


bringing into service major supply options, 


: and the long lasting impacts (up to 90 years 


: or more) of planning decisions. 


6. That considerable public input went into 


the development of the Demand/Supply 


Planning Strategy, and there will be further 
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. ' opportunities for public input during the review 
: There are six critical features of Ontario Hydro’s : of this report, and during the project-specific : 


: environmental assessments. 


: below and the relationship of that chapter 
: within the report is shown on the report 
: 2. That the evaluation criteria used in planning : | 


structure diagram. 


CHAPTER 3: Basic LoaD FORECAST discusses 
customer electricity demand - for both peak 
powert and energyt —in the absence of certain 
Ontario Hydro programs designed to reduce 
that demand. Forecast electricity sales growth 
is the first major reason why new demand/supply 


options are required. 


This chapter discusses the major factors : 


which influence the forecast such as population, 


economic growth, and changes in use of elec- 
tricity. The methods used to develop the forecast 
: are described. This chapter also describes 
the bandwidthT forecasts for both peak power 
and energy which reflect the uncertainty ‘ 
in the load forecast. Ontario Hydro develops 
' plans which are flexible to accommodate | 


this uncertainty. 


CHAPTER 4: THE EXISTING SYSTEM discusses the 
ability of the existing electricity system to meet 
: peak power and energy demand. The capacity 
of the existing system is expected to be reduced 
by more than 25% in the next 25 years as gen- 
erating units reach the end of their useful 
i life. This is the second major reason why new 


demand/supply options are required. 


CHAPTER 5: REQUIREMENT FOR NEW : 
: DEMAND/SuPPLY OPTIONS compares the forecast: 
electricity peak power and energy demand 


15 


: 90 


> 40 


26 


(discussed in Chapter 3) with the projected : 
: peak load and energy-meeting capabilityt of 
3 the existing electricity system (discussed in 
Chapter 4). 
_ Forexample, in the year 2014, the median | 
: forecast for peak power demand is 39.8 GW : 
: and the peak load-meeting capability of the 
i existing system is 18.5 GW. Therefore, the 
requirement for demand/supply options is : 
| 91.3 GW. These comparisons identify : 
: the need over time for additional demand/ , 
; supply options. 
: Similarly, in the year 2014 under 
the median forecast, required energy is 
: 234 terawatt hours (TWh), while the energy 2 
- capability of existing generation is 136 TWh. | 
: Therefore, there is an energy requirement : 
: to provide 98 TWh. | 
: This chapter also discusses the effect of | 
: load growth uncertainty on the requirements : 
for new options. ; 


_ CHAPTER 6: CosTING CONCEPTS AND AVOIDED 
3 Costs. Chapter 1 indicated that, when eco- 
: nomic, demand management, non-utility gen- : 
; eration, and hydraulic generation in Ontario "4 
: are given high priority. The avoided cost concept 7 

: is a method which helps determine whether | 
or not these options are economic. Careful 
3 application of this avoided cost concept helps | 
ensure fair comparison among options - and 
: that total customer costs are kept low. 3 
This chapter also discusses other costing | 
concepts used for plan and option evaluations. 
: Techniques based on these concepts allow Hydro | 
to compare options with different characteristics, | | 
for example, high fueling costs versus high 
- capital costs. They also allow Hydro to compare 


: mented at different times, operate differently, 


and last for different periods of time. behind the Lennox Generating Station. 
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The chapter concludes with a presentation : 
of avoided costs for typical applications based | 


upon the Proposed Plan. 


: what are economic demand and supply options : 
described in Chapter 6, Hydro can proceed : 
to its plans for demand management. Chapter 
7 describes the demand management plan. 
Two key elements of demand management 
: are electrical efficiency improvements! , Station) and 10 TWh, rising to 4.8 GW and 
(EEIs), measures which reduce the amount 2 
of electricity needed to provide a given service, 
and load shifting? (LS), which reduces peak 
demand by shifting customer consumption 
of electricity from times of high use to low 
: use periods. Capacity interruptible loadst are 


another component of demand management. 


: plans with different options that are imple- er 


Pursuing economic demand management : 
has been given top priority. This chapter : 


: describes the concepts, opportunities, and | 
programs being implemented by Ontario 3 
CHAPTER 7: THE DEMAND MANAGEMENT PLAN. 
With the appropriate mechanism for defining 


Hydro. It also describes the methods used to | 
develop this plan. This includes a discussion : 
of market sectors, market segments, end-use, 
barriers, and incentives. : 

In the year 2000, Ontario Hydro plans 
to achieve a load reduction of 3.0 GW (approach- : 
ing the capacity of the Darlington Nuclear : 


17 TWh by 2014. 


CHAPTER 8: THE NoN-UTILITY GENERATION | 
(NUG) P1an. In this chapter the opportuni- | 
ties for non-utility generation (NUG), a : 
high-priority option for Ontario Hydro, : 


: are discussed, as are the critical factors | 


Working with Ducks Unlimited, Hydro preserved this 50-hectare wetland 
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: A hygrometer is installed to check acid 
rain deposits. Careful monitoring is essential to 
track our progress in reducing sulphur and 


: nitrogen oxide emissions. 
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influencing the development of that | 
potential. 
‘The chapter outlines Hydro’s plans for non- ; 
' utility generation, and the steps being taken | 
to ensure maximum economic generation 3 
; is achieved. : 
| The NUG Plan is for 1.6 GW of new instal- 

- lation by the end of 2000 rising to 2.6 GW by | 
|: the end of 2014. 
; Non-utility generation has two categories 2 
_ ~ load displacement? and purchases. Load- 
3 displacement NUGs displace load from Ontario : 
2 Hydro when the customers meet all or part 
| of their own needs. 3 
: Purchase NUGs are purchases of electricity 
: by Ontario Hydro from NUG developers. 


CHAPTER 9: THE PRIMARY AND FIRM LOAD | 
: ForECAST. With the Demand Management and 3 
- Non-Utility Generation plans established, the : 
2 demand remaining to be met is examined, 
Chapter 9 introduces the Primary Load Forecast : 
| and Firm Load Forecast. | 
; The Primary Load Forecast is the forecast : 
| of the electric power and electric energy which | 
: Ontario Hydro must generate or purchase to | 
| meet the electricity demand of its customers | 
' in Ontario. It is derived by subtracting the | 
expected future impact of electrical efficiency | 
: improvements (EEIs), load shifting (LS), 
: and demand displacement NUGS from the : 
: Basic Load Forecast, for both peak power : 
: and energy. 
| The Firm Load Forecastis the forecast that 
- is used for the planning of supply. The Firm ; 
- Load Forecast is the forecast of the electric 
power and electric energy which Ontario Hydro 
: must generate or purchase to meet all customer 
: electricity demand of Ontario Hydro, except : 
capacity interruptible loads (CIL). 2 


25 


30 


36 


20: 


2: 


30: 


s : 


: The Firm Load Forecast is derived by sub- : 
tracting from the Primary Load Forecast the 
: estimated coincident power associated with 
the Capacity Interruptible Loads at the time : 
- of the annual peak. 
: The Firm Load Forecast for peak power 
in the median case is 27.4 GW in January 2000 | 
and 33.9 GW in January 2014. The Firm | 
; Load Forecast for energy is the same as the 
Primary Load Forecast - 171 TWh of energy 
under the median forecast in 2000 and 
| 214 TWh in 2014. 


CHAPTER 10: REHABILITATION PLAN. Another 
strategic direction given high priority in the 
DSPS was the commitment to make the max- 
imum economic use of existing facilities by 
improving or maintaining their performance. 
Chapter 10 deals with rehabilitation. 


To protect the Osprey and avoid power 


: interruptions the nests are carefully relocated. 
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Rehabilitation is a set of activities to replace : 
worn out, obsolete, or inefficient major : 
: to have a load meeting capability equal to : 


components of existing facilities. 


It ensures continuing safety, reliability, 
: economy, and environmental acceptability of 
these facilities to the end of their service lives. 

The rehabilitation plan describes hydraulic 
rehabilitations, major overhauls and pollution : 
controls on coal stations to help reduce acid 
gas emissions, and the retubing of some nuclear : 
units to ensure safe, reliable operation for 3 
: their 40-year expected service lives. The pro- : 
: jection of the capability of the committed system 
discussed in Chapter 4 includes the effect of | 


the Rehabilitation Plan. 


supply options. The Firm Load Forecast, which 
- required future system capacity in 2014 is | 
42.1 GW. The existing system capacity in 2014 | 
is 22.9 GW, and the required capacity from : 
the new supply Options is 19.1 GW. That supply : 
comes from hydraulic, nuclear, fossil and pur- | 
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must be reliably met with supply, is discussed : 
in Chapter 9. The future system is required 


the Firm Load Forecast. 

To reliably meet the demand, it is necessary 
to provide a reliability reserve! to accommodate ; 
generation out of service for planned and ; 
forced outages and other factors. The future ; 
system requirement is equal to the Firm Load | 
Forecast plus reserve. 3 

Finally, the peak power requirements for : 
new supply options are equal to the future : 
system capacity requirement minus the existing 
system capacity. In the case of energy, the : 


requirements for new supply options are 
equal to the Firm Load Forecast for energy : 
CHAPTER 11; REQUIREMENT FOR NEW SUPPLY. 3 
This chapter derives the requirement for new 


minus the energy meeting capability of the : 
existing system. 
For example, in the median case, the : 


chases from non-utility generators or neigh- : 
bouring utilities. For energy requirements, 3 
the firm energy forecast is 214 TWh, the : 
energy meeting capability of the existing : 
: system is 136 TWh, and the required energy : 
supply is 78 TWh. ; 


CHAPTER 12: THE HYDRAULIC PLAN describes : 
Ontario Hydro’s plan for hydraulic generation. : 
Hydraulic development is given priority over 
major supply options. 


Remaining undeveloped hydraulic resources 


: havea reasonably large theoretical potential, 
: but environmental, economic, and technical 
: factors limit how much falling water can actually ‘ 
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Warm water discharged from a power plant is 


used successfully to breed fish commercially. 
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be used to generate electricity. While a renew- 
: able resource, hydraulic opportunities 
are limited. 
' The chapter describes a hydraulic plan for 
an orderly development of 18 hydraulic sites 
which contribute 2.8 GW of capacity and 
6 TWh a year of energy by the end of 2014. 
Investigation and environmental assessment F 
is already under way for eight sites. 


CHAPTER 13: REQUIREMENT FOR Major SUPPLY. 
This chapter derives the requirements for new 
major supply options - fossil, and nuclear sta- 
tions and purchases from neighbouring utilities. 
| The requirement for major supply is equal 
to the total required new supply less the planned 
supply from purchase NUGs and hydraulic 
: generation. ; 
For example, for the median case by 2014, 
the required major new supply capacity is 
14.9 GW. For the lower growth case the fore- 
cast major new supply requirements by 2014 
is 9.3 GW, and in the upper growth case, 
itis 19.3 GW. For energy, the requirements | 
are 62 TWh for the median, 34 TWh for the | 
lower, and 82 TWh for the upper forecast. 
Hydro’s plans not only recognize the median 
forecast requirement, but allow sufficient 
flexibility to respond to upper or lower growth. 


CHAPTER 14: Major SuppLy OPTIOns identifies 
the most suitable major supply options for 
the time period under consideration, together : 
| with their key characteristics. 
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Major purchases of hydraulic generation 
from Hydro Quebec and Manitoba are 
' described. Ten most suitable fossil options ‘ 
are selected for study. These options include 
coal, oil, and natural gas fuels, available con- 
version processes, and the currently available 
environmental control concepts. The CANDU 


nuclear options considered are the Darlington 


' type 881 MW units and the CANDU 3. 
: The characteristics of the options are | 
matched with system requirements, and seven 
are selected for development of the major 


supply plan described in Chapter 15. 


Siting and transmission aspects are also : 


considered in this chaper. 


CHAPTER 15: Mayor Supply PLAN describes the 


i primary and secondary planning criteria and 
other considerations used for the formulation 
and evaluation of plans. The Major Supply 
Plan includes utility purchases and fossil and 
This is done in relation to the Proposed : 


nuclear generation. 


Plans are formulated using combinations 
of selected options identified in Chapter 14. 
The plans are evaluated and one plan is selected 
APPENDICES. Appendix A is the Demand/ Supply 
Planning Strategy. Appendix B is a list of ref- 
erence documents. Appendix C is a glossary 
CHAPTER 16: AVOIDED Cost DETERMINATION : 
i shows how avoided costs are calculated, and 
provides examples of how the avoided cost 
: varies with factors such as time of delivery, 


as the Proposed Plan. Two other acceptable 
Candidate Plans are also selected. 


load growth, and the Candidate Plans. 
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This chapter discusses the feedback from : 
the plan avoided cost to the development of / 
the Demand Management Plan, Non-utility 
Generation Plan and Hydraulic Plan. 


CHAPTER 17: DEMAND/SUPPLY PLANS integrates 
plans for demand management, non-utility : 


generation, and hydraulic generation with the 
i Major Supply Plan alternatives. 


Three Candidiate Demand/Supply Plans 
are developed and one is identified as the | 
proposed Demand/Supply Plan. The chapter 


: provides an overview of the characteristics : 


of each Plan. 


i CHAPTER 18: ACTION PLANS focuses on the actions 
i which must be taken to implement the | 


Candidiate Demand/Supply Plans. 


CHAPTER 19: APPROVALS identifies the | 
approvals being requested in this application. : 


Demand /Supply Plan and the two alternative : 
Candidate Demand/Supply Plans. 


of terms used in this report. 


+@ 


Chapter 3 
Basic Load 
Forecast 


Chapter 4 
The Existing 
System 


Chapter 5 
Requirement for 
Demand/Supply 

Options 
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Chapter 6 Chapter 7 
Costing Concepts The Demand 
and Management 
Avoided Costs Plan 


Chapter 8 
The Non-utility 
Generation 
Plan 


2 


Chapter 9 Chapter 10 
The Primary Rehabilitation 
and Firm Plan 
Load Forecasts 
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Chapter 11 
Requirement for 
New Supply 


; The choice of energy form to provide these 
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Chapter 12 Chapter 13 Chapter 14 
The Hydraulic Requirement for Major Supply 
Plan Major Supply Options 


Chapter 15 Chapter 16 Chapter 17 
Major Supply Avoided Cost Demand/Supply 
Plans Determination Plans 


3 Basic LOAD FORECAST 


Many services needed by the people of Ontario are provided 


by electricity. Residential customers need to wash 


clothes, refrigerate food, cook meals and maintain comfortable 


temperatures in their homes. 


: and many other energy services demanded 


: around the house is made in the course of : 
' the broader buying decisions for appliances 3 
: and equipment. In some instances, electricity : 
: may be the only option. In others, convenience, 
: cost, and efficiency may determine the choice 


: of energy form, e.g., oil, gas and electricity. 


buying decisions have impacts on howenergy - 
is going to be utilized. Residential customers’ 
; demand for electricity is the result of numerous 
decisions about energy choice, efficiency of 
use, and rate of utilization to meet their energy 


In addition to the choice of energy form, : 


: service requirements. 


2: 


25 


: many energy decisions, including how to : 
light, heat and cool their premises. Industrial 
: customers strive to optimize energy use 
' as one of the inputs to their production 


Similarly, commercial customers make © 


processes. 


Electricity demand, at any point in time, ‘ 
is the result of the decisions made by all cus- 


: tomers in the course of meeting their energy 


: service needs. 


: mustalso recognize technology and its devel- : 


Forecasting demand, while it uses analytical 
: tools, is essentially about people’s lifestyles, 
: values, and activities in society. Forecasting ; 


: opment and evolution. 


Forecasting the demand for electric energy : 
' isan attemptto predict future customer demand : 
- for the services that electricity provides, and 
how much electricity it takes to provide them. 
The size and nature of the economy, the prices 
of competing energy forms and the evolving 
cost and performance of energy-using equip- 
ment are key elements in the forecasting process. 
So are the impacts of government policy and 
Hydro activities which could alter the energy 


choices that customers make. 


Given that forecasting demand isan attempt 
to predict people’s behaviour, uncertainty is 
formally recognized as an inherent part of ? 
: the process. This uncertainty is recognized | 
by expressing the forecast as a bandwidth, 


rather than a single line forecast. 


The Demand/Supply Plan is based upon : 
the December 1988 Load Forecast. During : 
1989, a new Load Forecast was developed which : 
: is higher than the December 1988 forecast. 
This change illustrates the need to have a 
flexible plan which reflects the uncertainty 
: in the Load Forecast. 


The Basic Load Forecast! - 
The Starting Point 


Long-term planning starts with a long-term 
forecast of demand. This chapter presents : 
: the long-term forecast of the demand for elec- 
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Chapter 18 
Action Plans 


In critical applications a reliable supply means more 


: than convenience and comfort. 
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| tricity by Ontario Hydro’s customers. The Basic : 
; Load Forecast given in this chapter is the forecast : 
: of what the demand for electricity would be : 
| : without Hydro’s financial incentives to influence , 
|: the level and timing of electricity demands 
: on Ontario Hydro. ; 


- What the Basic Load Forecast Includes 
: The Basic Load Forecast takes account of energy : 
, efficiency improvements that are driven by : 
normal market forces. Residential, commercial, 
- and industrial customers may choose to obtain : 
the same level of energy service that they have : 
‘i : been getting by, for example, improving elec- : 
| trical efficiency or by switching energy forms. : 
These actions may decrease or increase their : 
; electricity demand. Hydro has a history of 3 
: providing information about efficient tech- 
: nology to its customers and this service speeds : 
3 up the adoption of more efficient uses of energy, 
: including electricity. | 
Electrical efficiency improvements will occur ; 
asa result of continuing technical advances ; 
|: and the normal replacement of equipment : 
7 = that has reached the end of its useful life with 
- more efficient current technology. Improve- : 
: ments will also occur asa result of the general : 
: programs mounted by Hydro and government : 
3 agencies to provide the information con- : 
|: sumers require to take advantage of efficiency | 
' improvement technologies. : 
| The Basic Load Forecast takes account of _ 
| : the load displacement non-utility generation 
3 that is driven by normal market forces. Some : 
, customers, particularly industrial customers, : 
- reduce their costs by producing both process | 
- steam and electricity from one fuel (cogen- | 
- erationT) or by developing their own inde- | 
: pendent generation of electricity. This reduces | 
: the demand for electricity that Hydro will have : 
to provide, | 


: 20 


25 


30 


35 


: The Basic Load Forecast also includes the | 
' effects of efficiency standards established by = 
: governments and their agencies. 


_ What the Basic Load Forecast 
- Does Not Include : 
The Basic Load Forecast doesnotincludethe — energy is supplied or used. The unit of measurement is the Watt. 
future impacts of incentive-driven programs | 
for demand managment and load displacement : 
non-utility generation. As part of its 
demand/supply planning, Hydro is commit- - 
- ted to a series of programs to motivate its | 
: customers to reduce their demand for elec- | 
tricity below what it otherwise would have 
been. Hydro is offering financial incentives - 
to achieve this objective. ; 
2 The expected net impact of Hydro’s financial 
incentives to reduce the load on its system 
through demand management and load dis- : 
placement non-utility generation is discussed : 
in the Primary? and Firmt Load Forecasts : 
(described in Chapter 9). 


- Forecasting for the Long Term | 
The forecast takes a long-term trend point : 
- of view. To put future electricity demand for - 
: the next 25 years in context, this report reviews - 
" trends and patterns over the past 25 years. » 
: The load forecast is not an extrapolation of : 
the past. Rather, it is derived through the use 
; of an econometric model (top-down approach) | 
_ and an end use model (bottom-up approach) _ 
as described later in this chapter. 
| The long-term load growth forecastis likely : 
: to be lower than a simple extrapolation of 
the growth in the last six years which consisted 
' Jargely of recovery from the 1982 recession. 
Further, should load growth rates fall in the - 
next few years asa result of an economic slow-_ 
: down, this should not be expected to affect | 
the long-term load growth forecast. Long-term 
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Key Electricity Terms: Power and Energy 


The unit of measurement used in this report is the Watt-hour. 


' Electrical energy is a quantity term, like kilometres. It describes an amount of electricity supplied or used. 


Electrical power is a rate term, like kilometres per hour. It describes the rate at which electrical - 


In the context of power system planning, the amounts used are much greater than several watts or | 


watt-hours. It is much more convenient to use the terms kilowatts, megawatts, and gigawatts for power, — 


and kilowatt-hours, megawatt-hours, gigawatt-hours and terawatt-hours for amounts of energy. 


Power 
1 kilowatt (kW) = one thousand watts 
1 megawatt (MW) = one thousand kilowatts 
1 gigawatt (GW) = one thousand megawatts 
Energy 
1 kilowatt-hour (kWh) = one thousand watt-hours 
4 megawatt-hour(MWh) = one thousand kilowatt-hours 
1 gigawatt-hour (GWh) = one thousand megawatt-hours 
1 terawatt-hour (TWh) x one thousand gigawatt-hours 


(per cent per year, 1987-2000) by Various Organizations 


| Energy Mines and Resources 
Ontario Hydro 
Ministry of Energy 
Data Resources Incorporated 
Wharton Econometric Forecasting Associates 
Nationa! Energy Board 
(1.9% for primary load, equivalent to 2.5% for basic load) 


* Based on most recently available data, August, 1989. 
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one million watts 


one billion watts 


one million watt-hours — 
one billion watt-hours 


one trillion watt-hours 


3.5% 
2.9% 
2.8% 
2.7% 
2.5% 
2.5% 


Agricultural 
development aided 
by electricity contin- 
ues to be part of our 


economic growth. 


Customer lifestyles’ 
needs include energy 
whether in small 
towns or large 


metropolitan cities. 


A world-class city 
has high economic, 
cultural and energy 


expectations. 
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: important variables such as fuel prices. 


: forecasts smooth over short-term changes in : 
: economic growth, electricity demand, and other : 


The need for additional load meeting 


: long-term perspective. 


: capability, whether on the demand or 
: supply side, should be determined from the : 


Given the recent history of very strong load : 


growth in Ontario, there are no major groups 
with load forecasts which are significantly lower 
than Ontario Hydro’s. In fact, there is a tendency 
: in some quarters to extrapolate from the near 
: 5% growth rate in demand for the past six 
years. Ontario Hydro believes that it has taken 
a balanced perspective in formulating its long- 
term load forecast by carefully separating the 
cyclical and transitory elements of the economic : 
growth and electrical intensity patterns in the 
2 available historical data from the fundamental 


drivers of the long-term electricity demand. : 


_ HISTORY OF ELECTRICITY USE 


| Electricity and the Economy 
: Since World War II ; 
: In order to understand some of the differences : 


y 


eae ecb ener ese naceranrreesannereseneed 


: between long-term trends and short-term vari- 
: ations, it is useful review how demand has 
evolved over both the long and short term. ; 
Electricity demand in Ontario grew rapidly 
in the first decade after World War II, averaging 
: growth of 9% per annum between 1946 and 
i 1956 as pent up demand from the war years | 
: was met and the transmission network expanded. : 
. For the subsequent 20 years (1956-1976), growth 
rates subsided somewhat averaging a fairly 
: steady 6.7% per year. Then, from 1976-1988, 
the average annual growth rate in demand 
! fell off sharply, to 3.3%. 
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Figure 3-1 10 Year Average Annual Absolute Growth of Energy 
1950-2010 (in TWh) 


TWh 
ed 
ra) 


1950-60 1960-70 


Figure 3-2 10 Year Average Annual Absolute Growth of System Peak 


1970-80 1980-90 
Year 


1950-2010 (in MW) 


1990-00 


2000-10 
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1970-80 1980-90 
Year 


1990-00 


2000-10 


_ Another way to look at electricity sales growth 
_ isin terms of the absolute quantity of electricity : 
- demanded. In those terms, growth has been : 


' much more stable. Despite some fluctuations, 


absolute growth has averaged about three and ; 
_a half terawatt hours of energy and 600 : 
: megawatts of peak power demand per year : 
' since 1960, as shown in Figures 3-1 and 3-2. , 
These general growth trends are related : 
to the performance of the three key deter- | 
- minants of elec tricity demand growth: economic : 


Electricity Growth by Sector 
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activity, electricity prices, and the prices of : 


competing energy forms. In each case, there 


the decade or so since then. 


economic growth, as much of the modern 
industrial infrastructure was built. 


At the same time, prices for all forms of 
energy were falling in real terms at a rate of | 


about two percent per year. That helped - 
: electricity sales growth at 7.4 % ayear, outstrip 
are sharp contrasts between their performance : 
in the first 30 years after World War II, and 
: the mid-1970s. 

During those first 30 years, Ontario expe- : 
rienced a prolonged period of relatively rapid : 


economic growth, which averaged 4.7 % per 
year from the late ’40s to the oil shock of 


Since the mid-1970s, wide fluctuations in 
basic commodity prices, especially oil, and 


' wide swings in inflation ratesin the developed — 
- countries have tended to dampen economic - 
growth. Further, real electricity prices rose, 3 
although less rapidly than other energy prices. 7 


In analyzing future load growth prospects there is 
much to be gained for both forecasting and 
demand management program design by going 
’ beyond the analysis of total electricity sales data 
to examine the trends in the sales of electricity by 
3 sector. The components of electricity use by sector 
are shown in Figures 3—4. (The sector definitions 
: used here are the same as the ones used in 
Chapter 7 to provide the estimates of demand man- 
agement impact.) The history of electricity sales 
- for the residential, commercial and industrial sec- 
tors for the years 1962 to 1987 is plotted in Figure 
- 3-5. A few examples of the complex trends embed- 
2 ded in this data are presented here. 
| The most notable feature of sectoral load 
growth in this period is the very rapid growth in the 
| commercial sector relative to the industrial sector 
’ between 1962 and 1977. In that time interval, while 
- total system load growth averaged 6.6%, the com- 
mercial sector grew at 10.4%, the residential sec- 
3 tor at 6.1% and the industrial sector at 4.2%. The 
high growth rate in the commercial sector relative 
- to the industrial sector boosted the commercial 
sector to become almost equal to the industrial 
' sector in electricity consumption by the late 1970s. 


Since 1977, electricity demand in all three sectors 
has grown at about the same rate on average. 
The high rate of growth in commercial load 
between 1962 and 1977 was not due to a more 
rapid rate of growth of real GDP in the commercial 
sector; commercial and industrial GDP grew at 
almost identical rates in this period. Rather, elec- 
tricity intensity in the commercial sector increased 
dramatically while that of the industrial sector 
declined slightly. Construction of commercial 
building space was extremely rapid and was espe- 
cially strong for public sector buildings like 
schools and hospitals. These buildings added 
significant electric demand, but contributed only 
modestly to measured economic growth. Other 
trends also contributed to the rapid electrification 
of the service sector of the economy at this time. 
The industrial sector's fraction of electricity 
use fell from 51% in 1962 to 38% by 1977 and is the 
same today. This was primarily because efficiency 
gains and shifts in industrial make-up caused rapid 
declines in the overall energy intensity of the 
industrial sector. Electricity has increased its 


share of this market when compared to other fuels, 


<Basic Load Forecast - Chapter Three> 
3-6 


but its growth rate has not kept pace with that of 
industrial output. 


Over the past twenty-five years, residential | 
electricity use has grown at about the same rate : 
as total demand. This growth pattern is the result | 
of numerous divergent trends. Residential electric- | 


ity use grew at twice the rate of growth of the 
housing stock from 1962 to 1976. Two major trends 


dominated this period: electric space-heating in : 
new housing went from essentially zero to about : 
11%, and customer purchases of the major energy 
using appliances such as electric stoves and 
clothes washers increased substantially. From 


1976 to 1985, residential electricity use per house 
and relative to income was roughly flat. Efficiency 


gains in appliances and better insulation of elec- - 


trically-heated dwellings were offset by continued 


increases in: 


¢ electricity’s share of space heating for new 


houses (to 20%); 
¢ the larger size of new electrically heated houses 
(up about 500 sq. ft. in 15 years); and, 


*the increased customer adoption of appliances - 


such as clothes dryers, dishwashers and air- : 


conditioners. 


30 
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Figure 3-3 Ontario Electricity Intensity 
(kWh per real $GDP indexed to 1.0 in 1988} 


Actual : Forecast 


1988=1.00 


50 55 60 65 70 75 80 85 90 95 100 105 
Year 


2: : 
From the mid-1970s, average annualelectricity : every year until 1982, then fell for five years : 
sales growth of 3.3 % has matched economic before starting to rise again. The electricity : 
: growth of 3.3 %. intensity of the Ontario economy is nowalmost 2 
As these data show, the contrast in economic twice as high as it was at the end of World : 

= performance between the first 30 years after War II. Roughly half the increase in electricity Increased population and economic affluence 


World War II and the last 15 years is matched intensity which occurred over this period had : means increased demand. 
: by a contrast in electricity sales growth during already taken place by 1960. Since then the 
7 those periods. These historical developments rate of increase of electricity intensity has been 
underline the importance of the evolving rela- significantly slower. In fact, the reduction in 
0 tionship between overall economic growth the mid-1980s brought electricity intensity in 


and the demand for electricity. 1988 back to the 1975 level. 
| Electricity intensity changes when electricity 
: Changing Electricity Intensity? : consumption grows at a different rate from : 


: The amount of electricity consumed (in kilowatt- E growth in the economy. There are many reasons 
‘ i hours) per constant dollar of real Gross Domestic : ‘why this may happen. Several important con- 
' Product (GDP) isa measure of the electricity : tributors to changing electricity intensity are 
intensity of the Ontario economy. Figure 3-3 the choices by customers (often driven by price) 
plots the history of this ratio from 1947-1988, : to use electricity rather than other fuels, to 
indexed so that 1988 equals 1.0. It shows that change electricity service levels where electricity 


ww 


# : electricity intensity in Ontario increased almost : hasno substitutes, and to change the efficiency : 


; 


ald vee 
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: with which electricity is used. Shifts in the : 
: mix of economic activities may also have a | 


: significant impact on electricity intensity. 


The ratio of the growth rate of electricity 
3 consumption to the growth rate of real GDP, 
which indicates how electricity intensity is 3 
: changing, is an important characteristic of : 


: the load forecast. 


: FACTORS IN FORECASTING 


: Major Trends Driving Future Growth 


: The three most important factors in any model 
of the demand for electricity in the long run 
are the projections of the general level of 
- economic activity (GDP), the price of electricity 
and the prices of other competing fuels, Broadly : 
: speaking, the future level of economic activity 
: determines the future demand for energy 
3 services. Energy price variables influence the 
: customers’ choices regarding fuel, level of 


: utilization and efficiency of equipment. 


: Growth in the Economy 


: The long-run growth rate for the economy 3 
depends on growth in the number of workers 
and their productivity growth - the output 
2 of economic activity per worker. This section 
examines these two drivers of economic growth | 
- growth in the labour force, and productivity. 
: This section also reviews recent and longer- 
: term historical trends, and introduces Hydro’s ; 
| forecast for labour force and productivity, ; 
: and the real GDP outlook which these two : 


: factors determine. 


: Labour Force Growth 


For the 30-year period of strong economic : 
: growth following World War II, Ontario’slabour : 
force grew very rapidly. The major contributing : 
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Figure 3-4A How Electricity was used in Ontario (1987) 
Residential 


Figure 3-4 B_ How Electricity was used in Ontario (1987) 
Commercial 
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Appliances 
46.8% 

Space heating 
30.2% 

Water heating 
19.2% 

Space cooling 
3.7% 


Lighting 

37.4% 

Space Cooling 
13.1% 


Space and Water 


Heating 11.0% 


Other 
38.4% 


20: 
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Figure 3-4C How Electricity was used in Ontario (1987) 


Industrial 


@ Motive Power 
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and Electrolysis 
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Mi Lighting 
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Figure 3-5 Sectoral Electricity Demand Growth in Ontario (1962-88) 
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Three Major Factors in Electricity Growth 


Ih. General level of economic activity (GDP) 
‘||2. Price of electricity; and, 


i Prices of competing forms of energy. 
i 
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: factors were the return of servicemen after 
the war, strong immigration to Ontario in the | 
- 1950s and 1960s, the entry of the baby boom | 
age group into the workforce (peaking in the 
: early 1970s) and an increasing rate of par- 
ticipation of women in the workforce. | 


Since the mid-seventies, the “baby boom” 


generation has contributed less and less to 
: labour force growth, while immigration to 
Canada has declined in proportion to total 
| population over this period. Labour force par- 
ticipation rates for women have continued 
to increase significantly (Figure 3-6), but 
| nonetheless, labour force growth rates of 2.3% 
per year in the past fifteen years were about 
| 1% slower than in the previous 30 years. This | 
3 explains part of the slowdown in the economic : 
| growth rate noted earlier for this time period. 


As the labour force is that portion of the : 


total population between the ages of 16 and 
65 which is actively seeking work, Ontario : 
} Hydro’s forecast of future labour force : 
growth rates is derived from a population pro- : 
jection produced by a detailed demographic : 
model for Ontario. This model begins with : 
i an age and sex specific profile of the Ontario | 
population and takes into account future 
trends in fertility, mortality, net immigra- ; 
tion into the province and labour force 
participation rates. ; 


The labour force growth rates which drive 


i the long-term economic outlook decline fairly : 


- 


The labour force growth rates 
which drive the 
long-term economic outlook 
decline fairly steadily 
over the forecast horizon, 
falling from over 
2% per year in the late 1980s, 
to 1% per year by the 
turn of the century to almost 
zero growth per year 
beyond 2010. This trend is 


largely a natural 
outcome of the aging of the 
“baby boom” group 
and the saturation in the 
labour force 


participation of women. 
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steadily over the forecast horizon, falling from 
over 2% per year in the late 1980s, to 1% per : 
year by the turn of the century to almost zero 
: growth per year beyond 2010. This trend is 
: largely a natural outcome of the aging of the : 
“paby boom” group and the saturation in the 
labour force participation of women. 

: The labour force growth forecast is sum- 
' marized in Figure 3-7. 


- Productivity Growth 
: Between 1945 and 1975, Ontario’s economy 
: industrialized rapidly. The shift from an agri- 
cultural to an industrial economy brought 
with it higher output per worker. Mechanization 
and other technological developments on the 
; farm as well as in industry increased worker 
: productivity. 
: Patterns of productivity growth reflect a 
similar pattern to labour force growth rates. 


Increases in productivity were high from just : 
after the war until the early 1970s, averaging : 
1.8% per year. Since then, the rate of growth 
of output per worker has been far below the 
long-term average, averaging about 0.7 % per 
year. Productivity growth was stagnant in : 
: Ontario between 1972 and 1982. : 
Ontario Hydro’s forecast of productivity 
: growth, the second component of economic 
growth, is a relatively stable 1.6% per year | 
and is based on a long-term historical : 


perspective. 


It is only slightly below that achieved in | 
the strong period of industrialization following ; 
_ World War II. The long-term economic forecast 
: concludes that the factors which brought about : 
the flat productivity performance of the 1970s 
" are notindicative of the future. On the other : 
_ hand, the increased role of the service sec- 
tor in the forecast period, relative to the 


Figure 3-6 Female Labour Force Participation Rates for Ontario 
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Labour Force 


Growth Employment Productivity 
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Figure 3-8 Ontario Retai) Energy Prices (Residentia!) 


(Real $ 1988, Average Annual Growth Rates) 
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Source: Retail Energy Price Trends, October 1988 
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2.2% 


1.2% 
0.7% 
1.0% 


i post-war average, reduces slightly the expec- : 


Figure 3-7 Economic Data (Average Annual Growth Rates) 


: dency for slower productivity growth in services 


tations for productivity growth, given the ten- | 


: as opposed to goods production. 


: Real GDP Growth 
To forecast long-term economic growth 
prospects, Ontario Hydro combines its forecast 
of labour force growth and productivity growth ; 
to yield the results shown in Figure 3-7. For © 
the remainder of the century, Hydro expects 
Ontario’s real GDP to grow at an average annual 
rate of 3.2% per year, driven about equally : 
by productivity gains and labour force growth. 
Beyond 2000, growth is forecast to be about 
1% slower, due to the decline in labour force 
' growth rates. 


The strong contrast between the long-term | 


economic growth forecast and Ontario’s out- 
standing economic performance in the 1982 : 
to 1988 period, when real GDP grew at nearly : 
| 6% per year, bears some scrutiny. The diver- | 
gence between the recent experience and the 
long-term outlook is a good example of the 
need to take a long-term historical perspective : 
Oil: 


in preparing a forecast as far into the future | 


: as is required in this Plan. 
-3.0% | 
1982 reflect factors that cannot be sustained : 
over the long term, and which therefore make : 
extrapolating trends from the last six years 
: unreasonable, 


Labour force and productivity growth since 


In 1982, Ontario experienced its deepest : 


recession since the Great Depression. Economic : 
activity dropped 4.2% and the unemployment 
' rate averaged 10.3%. Since then, the Ontario 
: economy has rebounded in the most dramatic 
trough-to-peak recovery of any business cycle 
" in Ontario in 50 years. This recovery had a 
number of causes which cannot be repeated 
_ in the next few years. 


a 


Ontario Hydro’s forecast of 
productivity growth, 
the second component of 
economic growth, 
is a relatively stable 
1.6% per year 
and 1s based on a 
long-term 


historical perspective. 
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In a fully-employed economy (unemploy- 


; ment rate about 4%), labour force growth 
and employment growth are identical. During 
' 1982 to 1988, employment growth (3.0%) was 
' much higher than labour force growth (2.2%). 
This was made possible by the absorption back 3 
: into the workforce of the large pool of unem- 
ployed workers. As they found jobs, the unem- : 
- ployment rate fell from 10.3% to about 5.0%, 
2 On top of this was the boost to the labour 
: force given by return of workers from the West : 
as oil prices collapsed, and a much higher 
than normal share of national immigration. 
With the possible exception of external immi- 
: gration, these extra boosts to output are not 2 
available to contribute their effects in the years 
ahead. 


Productivity growth during the period 1982 


to 1988 was also very high (2.7%) and reflected 
conditions unique to the recovery period, 
: namely the utilization of idle manufacturing , 
capacity, capital catch-up after a long period : 
of sluggish capital expansion from the late 
1970s, and the reduction in production costs : 
made possible by the sharp decrease in oil 3 
and natural gas prices. 
Ontario Hydro’s long-term GDP forecast ; 
has recognized the cyclical elements in the : 
: growth of the past six years and taken a longer- 
term historical perspective. , 


- Prices of Electricity and 
- Competing Fuels 

Another major driver for electricity demand 
is the price of electricity, both in absolute 
terms, and relative to other forms of energy. 
The projected trend in real electricity prices 
- is summarized in Figure 3-8. 
3 Real electricity prices dropped about 30% 3 
right after the Second World War and then 
- declined steadily at a rate of about 1.5% per 
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year until the mid-1970s, promoting the 
increased use of electricity, In 1976 to 1977 3 
real residential retail prices jumped about 
25% and have been roughlystable since. Given 
the relatively stable projection for electricity 
prices for the next twenty years, electricity : 
price changes have only a small effect on the ‘ 


load forecast. 


Prior to the completion of the Trans-Canada : 
Pipeline in 1959, the energy market in Ontario , 
was dominated by oil, electricity, and coal. 
: The natural gas distribution system has 
expanded rapidly in the last 30 years, and : 
natural gas now supplies about 35% of Ontario’s 
total energy needs. The expansion in the use 
of natural gas has been mainly at the expense : 
- of oil and coal. Coal use is now restricted to | 
a few large industries. With the rapid increase 
of oil and gas prices in the late 1970s, the | 
attractiveness of electricity increased significantly 
in the space-heating market. Electricity made 
: significant gains in areas where natural gas 3 
: was not available. 3 

Natural gas prices more than doubled in 2 
real terms from 1974 to 1983, yet natural gas 
' remained competitive with electricity in the 
heating markets. Residential prices are now : 
down 20% from their 1983 peak, and the assump- 
tion used in developing the December 1988 : 
: Load Forecast is that prices are expected to | 
return to that level around the turn of the 
century. In the range in which natural gas 
3 prices are expected to fluctuate, they also have 
: only a small effect on the forecast demand 
: for electricity. The gas prices used for developing | 
the estimates for the supply options are based 
on data developed during 1989 and are shown 
in Chapter 14. The difference in gas price : 
assumptions is expected to have only a small : 


effect on the load forecast. 


3 


a5 


: With the decline in the use of oil for space- 3 
heating in Ontario, relative price shifts in oil : 
: have only a marginal direct impact on the : 
7 load forecast for electricity. However, oil prices 


_ THE LONG-TERM LOAD FORECAST 


- Recognizing Uncertainty in the 
- Long-term Forecast 

Forecasts of the fundamental drivers of the 
long-term load forecast are fraught with uncer- 
: tainty. Electricity use pervades all aspects of 
the economy and So is sensitive to the scale 
: and nature of the complete spectrum of eco- 
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nomic activities. While some trends in the | 
economy tend to stabilize over the longer term, - 
they are still quite volatile, as the variability 
: ~from boom to bust - of economic conditions — 
' could influence electricity load indirectly, In 
the event that oil prices rise steeply, this could 


this century, or even this decade, has indicated. | 
3 In addition, projecting demand involves 
depress economic activity and reduce electricity 
: demand. | 


making predictions about choices consumers | 
: will exercise, and thatadds to the uncertainty. 
: Planning to meet future electricity needs - 
must recognize and adapt to the significant 
uncertainty that surrounds any forecast. : 
A meaningful plan must accept that large 
deviations from the median forecast are quite : 
probable, in either direction. 


Load Forecast Bandwidth 


To reflect the uncertainty in the load forecast, | 
a complete probability distribution for each - 
year in the forecast period is provided to assist - 
' Hydro’s objective is a plan which can meeta | 
- forecast bandwidth which contains 80% of | 
the expected future outcomes for load growth. : 


Figure 3~9 1988 Basic Load Forecast Energy Bandwidth 


Energy — TWh 


1945 50 55 60 65 70 75 80 85 90 95 2000 05 


Upper Bound 


10% probability 
that actual falls 
above upper bound 


Lower Bound 


10% probability 
that actual falls 
below lower bound 


10 14 


Year 
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A meaningful plan must accept 
that large deviations 
from the median forecast are 
quite probable, 


in either direction. 


POreeEerUrreeCUrVeCererrerrsr reer eee ere cer reer rrr eer ee te Terres er rer eee rere sre Teer ere 


in developing flexible plans for the future. 


- The determination of the uncertainty in the 
 Joad forecast combines the uncertainties asso- 
: ciated with economic growth and electricity ; 
- consumption, : 


The final product is a probability distribution 3 


_ for basic energy demand for the forecast period. 
_ Figure 3-9 illustrates the bandwidth forecast 
' at the 80% confidence level. ; 


That is, there is estimated to be a 10% 


chance that actual load growth could exceed ; 
- the upper bound of the range anda 10% chance | 
: that it could be less than the lower bound of 
- the range; the remaining 80% probability is 
- covered by the forecast bandwidth. : 


Figure 3-10 illustrates the 1988 Basic Load : 


: Forecast of energy in kilowatt hours per year 
' for the bandwidth forecast. 
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Figure 3-10 1988 Basic Load Forecast Bandwidth 


Annual Energy (TWh) 


Lower Median Upper 

Year (10%)* (50%)* (90%)* 

1989 132 137 142 

1990 133 140 147 

1991 135 145 154 

1992 137 151 162 

1993 138 155 169 

1994 139 159 176 

1995 141 163 180 

1996 141 165 185 

1997 143 169 192 

1998 146 174 198 

1999 149 178 205 

2000 153 184 212 

2001 159 192 221 

2002 163 196 227 

2003 166 201 231 

: 2004 167 202 234 
| Figure 3-11 1988 Basic Peak Power Forecast 2005 168 205 236 
Bandwidth (GW) 2006 171 208 240 

(20 minute December Peak) 2007 174 211 242 

2008 178 214 245 

Lower Median Upper Bound : 2009 181 217 247 

Year (10%)* (50%)* (90%)* : 2010 185 220 250 
1990 22.6 24.0 25.1 > 2011 188 224 252 
2000 26.3 31,7 36.4 | 2012 191 227 255 
2010 31.7 37.9 42.5 | 2013 194 230 257 
* Estimated probability that actual energy will be lass than 2014 197 234 260 


amount forecasted. 


* Estimated probablity that actual energy will be less than amount forecast. 
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Figure 3-12 1988 Basic Load Forecast Bandwidth 


20-Minute January Peak Power (GW) 


Lower Median Upper 
Year (10%)* (50%)* (90%)* 
1989 22.7 23.2 24.0 
1990 22.5 23.8 24.9 
1991 22.8 24.5 26.0 
1992 23.2 25.5 27.4 
1993 23.5 26.3 28.7 
1994 23.7 26.9 29.8 
1995 23.9 27.5 30.8 
1996 24.2 28.1 31.6 
1997 24.2 28.7 32.6 
1998 24.7 29.4 33.6 
1999 25.1 30.2 34.8 
2000 25.7 31.1 36.0 
2001 26.6 32.3 37.4 
2002 27.8 33.3 38.6 
2003 28.2 34.1 39.5 
2004 28.7 34.5 40.1 
2005 28.6 34.9 40.6 
2006 29.0 35.4 41.1 
2007 29.6 35.9 41.6 
2008 30.1 36.4 42.1 
2009 30.7 32.0 42.5 
2010 31.2 37.5 42.9 
2011 31.9 38.1 43.3 
2012 32.4 38.6 43.8 
2013 33.0 39.2 44,2 
2014 33.5 39.8 44,7 


* Estimated probability that central power will be less than amount forecast. 


Note: January, 1989 20-minute January peak was 23.1 GW. 
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Figure 3-13 1988 Basic Load Forecast 
20—Minute December Peak Power Bandwidth 


1945 50 55 60 65 70 75 80 85 90 95 2000 05 10 14 
Year 


Figure 3-14 1988 Basic Load Forecast 


Average Annual Growth Rates for Energy {%) 


Lower Median 
Period (10%)* (50% )* 
1987-1995 1.34 3.18 
1987-2000 1.47 2.93 
1987-2010 1.66 2.44 
1987-2014 1.66 2.30 


* Estimated probability that actual energy will be less than amount forecast. 
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Upper 
(90%)* 
4.54 
4.05 
3.00 
2.71 


: 


: 30 


: 35 


1988 Basic Load Forecast 


Figure 3-15 


<Providing the Balance of Power> 


Average Annual Absolute Growth for Energy (TWh per year) 


Lower 

Period (10%)* 
1987-2000 2.0 
|) 2000-2014 3.2 
1987-2014 2.6 


In addition to energy, a bandwidth forecast : 
is prepared for peak power. The Basic 
Load Forecast values for 20-minute December 
peak power for selected years are provided : 
- in Figure 3-11. 2 
: Details of the Load Forecast are contained 
in the reference document, Load Forecast 
881212. Details of the development of the 
- bandwidth are contained in the reference report, 
“Uncertainty in the Load Forecast”. In the 
body of that report, peak demand is quoted 
for the calendar year annual peak, which usually 
_ occurs in December. However, for planning : 
purposes, it is more practical to consider the 
winter peak which occurs on the coldest winter 
day, typically in January. Throughout the remain- 
der of this report, peak load data are quoted 
: for the 20-minute peak in January. For example, 
: the January, 1990 peak refers to the peak day 
in the winter of 1989/90. 


Figure 3-12 gives the Basic Load Forecast 


for January peak for each year in the planning 
period. 

A plot of the bandwidth for the peak load 
forecast is provided in Figure 3-13. 
2 With the underlying economic projections 
described in Figure 3-7 for Ontario economic 


Median Upper 
(50%)* (90%)* 

4.4 6.6 

3.6 3.4 

4.0 4.9 


i Estimated probability that the actual energy will be less than the amount forecast. 


productivity, the median basic load growth 


is from 126.5 terawatt hours in 1987 to 184.1 
2014 (3.6 TWh per year from 2000). 
demand declines from 3.5% per year on average 


to 1993) to 2.5% per year for the last five 


tricity growth rate reflects lower rates of eco- 
: nomic growth for the 1990s (3.2%) than for 
the 1980s (4.3%). The major reasons are slower 
growth in productivity, population, and work- 3 
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: force. Trends in electrical intensity are also : 
: important and are examined in the following 
: section. 


Despite the forecast declines in year-over- : 


_ year electricity growth, absolute growth in energy | 
: and peak demand are forecast to remain rel- 
: atively constant. Figures 3-1 and 3-2 show 
the historical average growth for the decades 
from 1950 to the present, and the forecast 
absolute growth to 2010. Figure 3-15 gives : 
the forecast average absolute growth for energy. 


: Electricity and Economic Growth 
: Since 1980, electricity demand has grown at | 
growth, the labour force, employment, and | 


an average annual rate of 3.7%, while the econ- : 


_ omy expanded at 4.3%. The ratio of these | 
is forecast to average 2.9% per annum from | 3 
1987 to 2000 and 2.4% per annum from 1987 | 
- to 2010 (Figure 3-14). January peak demand 
increases from 22.6 GW in 1988 to 31.1 GW | 
in the year 2000 (710 MW per year) and then | 
to 39.8 GW in 2014 (620 MW per year from | 
2000). In energy terms, the forecast increase 


growth rates is 86%. 

There are two contrasting intervals during 
this period. From 1982 to 1986, electricity 
demand grewat only about 70% of economic ‘ 
growth, but in the last two years it jumped to 
about 120% of economic growth. 

This swing in the electricity intensity of : 


' economic growth is in part due to the impact | 
in 2000 (4.4 TWh per year) and to 233.8 in : 


of the commercial and residential building : 


boom which took place from 1986 to 1988 
The growth rate to the year 2000 for basic 
to 1985. These high rates of construction were 
2 for the first five years of the forecast (1988 


after very weak building activity from 1982 


well above the long-run rate and are inasense : 


making up for underbuilding in the first half 
years. Load growth since 1980 has averaged : 
: 3,7 % per year, but has been stronger, at 4.9% 


of the 1980s, a period of very high interest : 


: rates. The rate of connection of new buildings 
since the recession of 1982. Earlier discussion 
: indicated why it was unlikley that the 5.9 % : 
annual economic growth rate for the 1982 to 


to the electrical system is a significant factor : 
in determining short-term swings in electricity 


; intensity. 
: 1988 period could be sustained for another | 
: five years. Hydro’s forecast of a declining elec- : 


Strong commercial and residential building 
starts are forecast to continue for several years, 
though down 20-25% from the peak in 1987, | 
As aresult, the electricity demand growth rate 
is expected to remain above the GDP growth 
rate until 1991 and then begins to move toward 


; Today's modern technology means higher 
: productivity and a higher demand for 
: electricity. 
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the long-run ratio of about 90% of GDP as | 
: indicated by Hydro’s long-term forecasting : 
models. This forecast change in electricity : 
- intensity is shown in Figure 3-3. 
The recent fluctuations in electricity intensity 3 
| | ofeconomic growth argue strongly foralong- | 
; term perspective on this key element of the : 
: load forecast, as well as a detailed sectoral : 
: or end-use approach to load forecasting. In : 
order to capture more of the complexity of 3 
factors and trends associated with forecasting, 
: Hydro has developed two main techniques, : 
: described in the next section. 


_ Modelling Electricity Demand 

Ontario Hydro takes two approaches to esti- 
| mating long-term electricity demand: “top- | 
| down” econometric modelling and “bottom-up” : 
® © end-use modelling. Both attempt to capture | 
: the effect of a large number of demographic, 
: economic, energy market and technological : 
: factors on electricity demand in the long run. 
: The econometric approach relies on sta- : 
- tistical analysis of past energy consuming | 
| behaviour and forecasts of broad economic 
: aggregates to generate estimates of future elec- 3 
- tricity requirements. In the end-use approach, ; 
: the forecast is based on expert opinion applied | 
: tokey technology or market trends, combined : 
: with very detailed forecasts of the activity levels | 
underlying the ways in which electricity is used. 


The econometric model approach is capable 


: of simulating macro scenarios that result from | 
: different assumptions about key input variables : 
"suchas GDP. On the other hand, end-use mod- 
: elling may more readily identify significant : 
: changes in demand trends due to technological : 
: change or compositional shifts. 


20 


: 25 


35 


a: 
: to derive forecasts of total energy requirements : 
: for each of the industrial and commercial sectors 


The need for the load forecast to be tied 
to a broad scenario for the economy and at 
the same time be sufficiently detailed to be 
useful for analyzing demand management : 
opportunities has led to the use of econometric 
_ methodswithin end-use models, As techniques | 
- The End-use Model: A Bottom-up 
- Approach 


become more sophisticated, the distinction 
"between the two is softening. 

Because Hydro uses both end-use and econo- : 
: metric modelling systems in preparing the 
- long-term Basic Load Forecast, the strengths 
: and weaknesses of these models are weighed 
and their results integrated in order to arrive 
: at a recommended forecast for planning 
purposes. 


The Econometric Model: A Top-Down 
- Approach 
The econometric forecast of electricity demand 
: in Ontario is produced by Hydro’s Econometric 
_ Energy Model for Ontario (EEMO). EEMO | 
: takes as inputs forecasts of 13 final demand 
: categories for the Ontario economy (for exam- : 
ple, consumption of durable goods and non- 
residential investment). These are processed ; 


"on the assumption that technology and pro- ‘ 
ductivity remain constant at 197] levels. This : 
static forecast is then adjusted to reflect the 
impact of changing technology and prices. 
Forecasts of electricity prices and other 
fuel prices contribute to determining electricity’s 
future market shares. The product of electricity : 
: market share and total energy requirements : 
: determines electricity demand for each sector. : 
: Demographic forecasts are important in deter- 
mining the total energy requirements in the 
residential sector. 
Figure 3-16 summarizes the sector forecasts 
: for the econometric model. The resulting : 
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Basic Energy Forecast averages 3.1% annual 
growth to the year 2000 and 2.6% over the | 
entire forecast period to 2010, a rate which : 
is 0.1% per year slower than the GDP forecast 
growth rate. : 


End-use modelling uses a “bottom-up” approach 
to energy analysis. It starts with the initial 
stock of energy using devices and an estimate : 
of future demand for the services required : 
of these devices. The energy conversion 
efficiency of existing equipment, customer : 


_ adoption of new technologies, typically with 2 
_ higher efficiency, and relative fuel share : 
for each end use are analyzed. Trendsin elec- : 


1988 Basic Load Forecast by Sector 


Figure 3-16 


tricity use per household, per square foot of : 
commercial floor-area and by industrial process 
are combined with forecasts of activity for : 
each sector to arrive at the final demand 


: estimate. 


Each of the major energy using sectors is | 


: modelled separately. This analysis requires | 
: forecasts of sectoral activity levels such as res- - 


idential housing stock and commercial floor - 


space by building type and industrial output 7 


in physical units. Factors such as population, | 
phy pop 


: labour force, disposable income and detailed — 
: forecasts for service and industrial sector . 


economic growth are considered. 

Figure 3-16 contains the forecasts by sector | 
using the end-use model. Details of the forecast 
are provided in the 1988 Load Forecast Report. | 


Average Annual Energy Growth Rates (%) 


End-Use 
Residential 
1987-2000 26 
1987-2010 2.1 
Commercial 
1987-2000 2.7 
1987-2010 2.2 
industrial 
1987-2000 2.8 
1987-2010 2.3 
Total Basic Load 
1987-2000 27 
1987-2010 2.2 
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Basic 

EEMO Load Forecast 
2.4 2.6 
1.8 2.1 
4.2 3.3 
3.3 27 
2.5 25 
2.5 25 
3.1 2.9 
2.6 2.4 


: Preparing an Integrated Forecast 


: The econometric approach uses more aggre- 
: gated data than the end-use models. These : 
2 data are of higher quality and support sophis- : 
' ticated statistical analysis. The models built ; 
: tend to capture long-term trends, but may 
: be slow to pick up changes in trends that are 
: evident at a more detailed level of analysis. : 
In the forecast period, the implications of : 
2 projected shifts within sectors can be captured 
: by end-use models more readily than by : 


: econometric models. 


End-use analysis tends to focus on well- : 
: established uses of energy for which data are 
3 available. Unless care is taken, there is a tendency 
: to underplay new uses of energy for which 
: forecasts must be highly speculative. The trends 
in the traditional uses such as appliances, light- : 
ing or heating may be well understood, but : 
: the implications of a new generation of business 
: machines may not. The econometric models, 
: which focus on macro patterns and factors, 
use electricity consumption data that implicitly 
embody a continuously evolving mix of old 
: systems in the face of the large degree of uncer- 


: and new uses of electricity. 
: To some extent econometric models do 


: not capture some rapid advances in efficiency : 
' made possible by new technologies, which end 3 
up being adopted in Ontario, but which were : 
developed in other countries where electricity : 
: prices and other economic factors give efficient 2 
: use a higher priority. To that extent, econometric 
models may be considered to have a tendency 
to over-forecast. On the other hand, to the 
extent that end-use models understate the 
future role of currently embryonic uses of 
' One of the key lessons of the 1970s was that 
: Figure 3-16 indicates the results of both : 
: models. The final Basic Load Forecast reflects 2 
3 the higher of the two forecasts to 2010 for 3 
each of the residential (end-use) and industrial 


: electricity, they may tend to under-forecast. 
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Developments in End-use Modelling 


Ontario Hydro prepared its first end-use forecast 
in 1981 with a model adapted from the system used 
by the Ministry of Energy. In 1986, Ontario Hydro 
began to adopt new and more advanced end-use 
load forecasting models developed by the Electric 
Power Research Institute. The choice, energy 
efficiency, and utilization of electricity-consuming 


equipment are modelled directly using basic 


economic principles of cost minimization and 


consumer behaviour. In addition, fuel prices are 
an explicit input. 

In 1988, for the first time, forecasts using these 
models were produced and used to provide 
insights into the updating of the existing end-use 
models. Hydro’s end-use model development pro- 
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(EEMO) sectors. In these sectors, the two models : 
provide similar projections. The commercial ° 
forecast is a compromise between the two model : 


3 tainty concerning the net effect of efficiency 2 
gain in the major end-uses (e.g. lighting, heating, : 
air conditioning) and the rapid expansion : 
of miscellaneous uses (e.g. ventilation, refrig- : 
eration, office machines, computers). By giving 
equal weight to the two models in rationalizing 
the large discrepancy between their commercial | 
sector forecasts, the overall forecast results : 
in an equal weighting of the two approaches. 

: bandwidth depends heavily on the uncertainty 


Load Forecast Uncertainty 


it is extremely risky to plan on the basis of a 
single line forecast. The dramatic volatility 


has made it clear that plans that did not consider 
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gram continues to improve. The current versions 
are a substantial improvement from a forecasting 
perspective. Hydro intends to improve these mod- 
els further to enhance their ability to represent : 
end-uses and technologies at the level of detail of 


demand management programs. 


This is a critical element in producing basic 
and primary forecasts which are consistent in their : 
relative assumptions and which can, therefore, : 
fully reflect the net impact of demand management 
programs. As more data are collected and know!- 2 
edge of energy usage is extended at the detailed 
technology level, the end-use models will provide : 


a sound framework for the coherent development | 


and analysis of energy demand in Ontario. 
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the full range of uncertainty were vulnerable. 
The median forecasts made in the late ’60s : 
for the late 70s were too high. The median 
forecasts made in 1982 for the late 80s were 
too low. These two experiences illustrate the 
need for bandwidth forecasting and plans which 
are flexible. Ontario Hydro and other utilities 
have increased the emphasis on bandwidth 


forecasting and planning. 


To deal with uncertainty in forecasting, 
an 80% band has been developed. The goal : 
is to describe a range of forecast demand and : 
its probability of occurrence. The size of the 3 


surrounding growth in the Ontario economy : 
and to a lesser extent on the uncertainty in 
the estimated relationship between economic 
growth and electricity demand growth. 3 
of load growth since the first oil price shock A single line forecast is first selected with : 


the intention that it represent the median | 


25 


20 : 


5: 


expected outcome. That is, it produces a sce- 
nario for future demand with a 50% chance 
of being too high and a 50% chance of being 
: too low. 


account the uncertainty of the long-term eco- 
nomic growth forecast and the future rela- 
tionship between economic growth and 
electricity demand. 

Figures 3-12 and 3-13 illustrate the band- : 
widths for energy and peak respectively. They 
_ show that the 80% bandwidth of the Basic ; 
Energy Forecast is about 60 TWh in the year 
2000 and 65 TWh by 2010 and the bandwidth 
for peak demand is about 10 GW by 2000, : 
and gradually spreads to about 11 GW by the 
end of the planning period. 
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The 10%, 50% and 90% points are only 


ability distributions generated for each year 


: of the load forecast. An entire load forecast 
Various techniques are used to take into : 


Figure 3-17 illustrates the cumulative prob- : 
' ability distribution of the 1988 Basic Load — 
Forecast of energy for the year 2000. The energy : 
quantities corresponding to the 10% and 90% 
probability levels are the respective values : 


of the lower and upper bound forecast for 
that year. 


The lower bound forecast is consistent with 
a view that there is very little likelihood of | 


stagnation in the economy which persists for 


Figure 3-17 1989 Basic Load Forecast 
Year 2000 Cumulative Probability Distribution 


Probability That Load < This Value (%) 


110 130 150 170 


190 210 230 250 270 
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From Single Line Forecast to Bandwidth : 


three points selected from the complete prob- | 


. Construction of bandwidths starts from a single : 
probability distribution is derived specifically : 
: for each year of the forecast period. 


line forecast. That forecast is the result of judg- 


' ments applied to end-use and econometric fore- 


casting model outputs which produce a median - 
load growth forecast. However, the models used 
to produce the single line forecast are not suitable 
for generating uncertainty bands. 

A much simpler econometric model is used to © 
produce a median forecast and a probability dis- 


- tribution around it. The probability distribution of 


the load forecast is derived from the probability | 
distribution of GDP and the statistical properties - 


_ of the equation using “Monte Carlo” simulation - 
- more than ashort period of time. The country’s | 
: worst experience this century was the three | 


techniques. The 80% bandwidth forecast is then : 
determined by taking the 10% and 90% values from 


' the probability distribution for each year of the © 
_ forecast. The median forecast is not the same as | 
. the recommended one resulting from the integra- © 


; tion of the two large model forecasts. Therefore, 


it must be lined up with the recommended median | 


forecast. The bandwidths generated by the sim- : 
pler model are scaled in a similar way to derive — 


the bandwidths for the recommended long-term - 


: forecast. 
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Figure 3-18 Daily Load Curve Typical Winter Day 


Hourly load GW 
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Figure 3-19 Weekly Load Curve Typical Winter Week 
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Hourly Load GW 


Hourly Load (GW) 
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Figure +-21 Yearly Load 1988 
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Figure 3-22 Load Duration Curve 
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Increased air conditioning units have 
contributed to peak demands for electricity in 


the summer. 
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Shorter daylight hours increase the use of 


lights and indoor entertainment in winter. 
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The load duration curve. 


- rate of the upper bound of the range declines ‘ 


- One way of describing how loads vary with time isto - 
break downa year's demand into hour-by-hour segments 
arranged from the highest hourly load slice to the lowest. 
: This provides what is termed a “load duration curve”, 
_ asillustrated for atypical year in Figure 3-22. The load 
: duration curve also helps understanding the proposed : 
plans, : 


: demand that must be met at all times and a peak level 
- ofdemandthatoccurs for only short periods, with inter- 
: mediate levels between these high and low values. 
: These are known as the base, intermediate and peak 
~ load levels. : 


DEN R ame e mere e RTE EOE DELO FET er OREO ERE EEE ER TRE DHA OSE PS EESES OTTER ELEO ED ER THESE Eta RHE® 


years of contraction between 1929 and 1932. 
- Since the Second World War, there have been 
: seven periods of contraction each of about | 
2 one year or less. 
_ The upper bound forecast suggests that - 
_ the chance of repeating over the next five | 
: years the dramatic recent expansion of the 
~ economy (5.9% per annum from 1982 to 1988) - 
_ and growth in electricity demand (4.9% per _ 
annum from 1982 to 1988) since the recession | 
of 1982 is about one-in-ten. Recognizing that — 
' the forecast begins at a point in time when 
' the Ontario economy is ata peak of the current 7 
' business cycle, only exceptional circumstances : 
: could sustain the current pace for another 
. five years. 
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The compound average annual growth | 


as the time horizon is extended, reflecting | 
long-term historical evidence that it becomes | 
less likely that growth rates higher than median | 
expectations can be maintained on average 
curve.” The load-duration curve (Figure 3-22) 


as the horizon extends out from ten to 
twenty years. 


_ CUSTOMER USE PATTERNS 


As this curve shows, there is a minimum level of ; 


The development of economic demand/supply 
plans requires a forecast of the time pattern | 


of customer electricity use. 


_ The demand on the Hydro system represents 
' the combination of loads created by many 
different end-users in the residential, com- 
' mercial, and industrial sectors. While this aggre- 
gate demand is constantly fluctuating, it does 
so in arelatively orderly and predictable fashion. 
On working days, the load is high between 
_'7AM and 11 PM. Higher heating and illumi- 
nation loads make this particularly true in 
winter as shown for the typical winter day in 
Figure 3-18, The plotalso illustrates thatload ‘ 
is lower both at night and on weekends than 
during the day on weekdays. The highest system 
load for the province asa whole occurs during | 
the coldest period of the winter. In the urban : 
for energy. @ 
on air conditioning is the highest, the annual 
peak load occurs during the hottest part of 


: areas of southern Ontario, where the reliance 


the summer. The lowest demand for electricity : 
: occurs at nights on summer long weekends. : 
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Figure 3-19 illustrates the electricity use 
pattern for a winter week, and Figure 3-20 | 
for a summer week. Figure 3-21 illustrates 
the electricity pattern over an entire year. 3 

To develop plans, the forecast customer | 
use pattern is rearranged into a “load-duration 


: illustrates the need for demand/supply options 
: to meet base load, intermediate load, and : 
: peak load. 


MAIN FEATURES OF THE BASIC LOAD 
FORECAST 


The main features are: 
¢ Ontario Hydro’s use of advanced forecasting 
techniques and in-depth analysis of load growth 
trends has produced a long-term load forecast 
of energy growth 2.3% per year, 1987 to 2014. : 
¢ There is uncertainty in the forecast, and it 
is possible to characterize this uncertainty : 
with probability bandwidths. For planning pur- 
poses, an 80% probability bandwidth was | 
identified as an appropriate range. 
¢ The load forecast corresponds to average 
annual absolute growth of about the same 
magnitude as that experienced in the 
1980s, that is, about 700 megawatts per year 
for peak power and about 4.0 TWh per year 3 
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4 THE EXISTING SYSTEM 


The purpose of this chapter is to establish the expected power-meeting and 


energy-meeting capabilities of the existing system over 


the 25-year planning period. The chapter describes the facilities currently 


available to meet people’s electricity needs. 


It also describes how the existing system is : 
used to meet those needs. For the purposes : 
of this report “existing system” is defined to 
: include the committed Darlington Generating 
Station, planned to be fully in-service by 1993. 
Ontario Hydro supplies electricity through 
an integrated system that comprises generating 
facilities, transmission facilities, interconnec- 
tions with neighbouring utilities and distribution : 
facilities to deliver electricity to the customers. 
: Figure 4-1 shows the location of the major 
generating stations - those with more than 
: 100 megawatts (MW) capacity. It also shows : 
| the routes for the 230 and 500 kilovolt (kV) 
transmission lines that form the basis of Hydro’s 
provincial grid. In addition, it shows the inter- 
connections with neighbouring systems in : 
_ Canada and in the United States. | 
While demand continues to grow and the | 
system is aging, the existing system will continue : 
to be the backbone of the electricity supply 
during the 25-year planning period. Even at 
the end of the 25-year period, the existing 
system is expected to meet about two-thirds 
of the total primary energy demand? for the 
median load forecast. : 
The Demand/Supply Planning Strategy gives 
a high priority to the maintenance, upgrading 


and refurbishment of the existing generation : 
and transmission facilities to improve their : 
performance, efficiency, reliability and : 


environmental acceptability. 


Rehabilitations of existing facilities are 
planned to restore performance which has 
declined due to operational deterioration and 
to meet new environmental and safety require- 
ments. However as stations become older they 
are expected to become economically obsolete 
because of the need for excessive maintenance 
and refurbishment to meet existing and new 
operational requirements, The existing stations ; 
: would not have the benefits of the latest tech- | 
nological developments available to new stations : 
and, as a result, would likely be retired and 
replaced, The cumulative effect of aging stations 
is that the ability of the existing system to | 
_ meet people’s electricity needs will decline 
over the years and replacements must be 


planned. 


Meeting electricity needs is not just a case 
of providing enough capacity. The production 
of energy must also be low cost and environ- 
mentally acceptable. These considerations are 
- fundamental in deciding how to operate the | 
existing system which, in turn, affects decisions 


on future facilities. 
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rigure 4-1 Ontario Hydro Major Stations (greater than 100 MW capacity) and 500kV and 230kV Line Routes (mid 1989) 
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_ Existing System - Capacity 
: Ontario Hydro’s generating stations are of : 


: electricity by burning coal, oil or natural gas. 


' three types: hydraulic, fossil and nuclear. : 
Hydraulic stations produce electrical energy 
: from falling water. Fossil stations generate 
' tions vary in size from 215 to 4336 MW. | 
Nuclear stations use uranium to generate | : 
: electricity from nuclear energy. | 


Generating stations are designed toacertain : 


power size or capacity, measured in megawatts. : 
: Some small hydraulic stations have a capacity 
3 of as little as one megawatt or less. Major nuclear 
and fossil stations have several generating units 
providing a total station capacity of up to about 
| 4300 MW. i 


As shown in Figure 4-2, Hydro will have : 


- atotal installed capacity of 32.5 gigawatts (GW) 
: by 1993, when Darlington is completed. This | 
: total excludes 1.5 GW of older, inefficient gas- : 


and coal-fueled capacity with high fueling, 


: labour and maintenance costs at the Keith : 
: and Hearn Generating Stations. 3 


3 Hydraulic Generation: 
: By 1993, Hydro’s hydraulic capacity will be 
about 6.5 GW, representing 20% of the system’s : 
; capacity, This is provided by 265 generating 
: units at 68 stations. The unit sizes vary from 3 
: less than one megawatt to 130 MW and : 
the station capacities vary between 0.84 and : 
| 1290 MW. : 


Most of the existing hydraulic generation | 


_ was developed by the 1960s. Since the 1960s, 
_ it has formed a declining proportion of |: 


the system as a whole, since other types of : 


: generation have grown significantly in the : 
: intervening period. 


: Fossil Generation: : 
_ Hydro has about 11.9 GW of fossil-fueled gen- | 
- erating capacity, representing 37% of the total 


: @ Oil - conventional steam cycle 
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" system capacity that will be in place by 1993. 


This fossil capacity is provided by 28 major : 
units located at six generating station 
sites. The 28 fossil units range in size from 
100 to 560 MW in capacity. The fossil sta- | 


Some stations have oil-fueled combustion 2 
turbine units (CT Us) installed to assist in station 
start-ups and shutdowns. CTUsat nine stations, ; 
totalling 260 MW, can also provide electricity : 
to the system. : 

The fossil generation, by fuel type, is: 

* Coal - conventional steam cycle 9.4 GW 
2.2 GW 
¢ Oil - CTUs 0.3GW | 

Two older fossil stations with high operating : 
costs have been mothballed. These are: 2 
¢ J.C. Keith  256MW coal-fueled. 
¢ R.L. Hearn 1180 MW  gasand coal-fueled. : 


Me 


Hydro will have a total 
installed capacity of 
32.5 gigawatts by 1993, when 


Darlington is completed. 


Figure 4-2 1993 System Capacity 32.5 GW 


* Coal 29% (9.4 GW) + Oil 8% (2.5 GW) 
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®@ Nuclear 
43% 14.1 GW 
@ Fossil* 
37% 11.9 GW 
@ Hydraulic 
20% 6.5 GW 


Mothballing is a way of preserving for future 
: use economically obsolete units or units with 


: high operating costs. It is sometimes preferable 


: to mothball units for possible use in contin- 


: Nuclear Generation: 


capacity in service, representing 43% of the 
system total. This capacity is provided by 
20 units located at five stations on the Pickering, 
: Bruce and Darlington sites. The nuclear units, 
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fuel. Ituses heavy water for heat transfer and 
: as a moderating agent. One of the major features 
of the CANDU reactor is the use of pressure 
tubes rather than a pressure vessel. Stringent 
gencies rather than to decommission‘ them. 


: manufacturing, construction and operation. 


However, the CANDU concept is based upon 
: By 1993, there will be about 14.1 GWofnuclear | 
be made by designers, manufacturers, builders 
and operators. The design and operation assures : 
public safety assuming components will fail. : 
: Existing System - Energy : 
In planning the system, itis not only important 


This includes the failure of pressure tubes. 


| which range from about 500 to 881 MW in | 


capacity, are all of the CANDU design. Station | 


sizes range from 2000 to 3500 MW. 


' station concept for producing electricity from 


Total Generation: 


A list of all Hydro’s generating stations : 
CANDU isa Canadian designed generating : 


| (Figure 4-20). 


: the nuclear energy contained in natural uranium : 


Currently about half of Ontario's electricity is 
: produced by uranium. 


attention is given to quality control in design, 
: growth of Hydro’s generating capacity from : 


the assumption that infrequent mistakes will 


is included at the end of this chapter | 


Generation Development 1950 to 1993 


An integral part of the province’s development 
over the last four decades, Hydro’s generating 
capacity has grown and diversified as new fuels 3 
and generation types have been added. The 


1950 to 1993 is illustrated in Figure 4~3. 


By 1993, the Darlington nuclear generating 
station, Hydro’s only new generating facility : 


under construction, will be completed. 


: to have sufficient generating capacity to meet : 
the instantaneous power requirements, it is 
equally important to provide the energy require- 
: ments on an hour-to-hour basis in an eco- 
: nomical, reliable and environmentally 
: acceptable manner. 


Figure 4-3 Ontario Hydro Generating Capacity 
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; % Capacity factor = 


Capacity measures the amount of power, 
| in megawatts (MW), that a unit can produce ; 
: at any instant. Energy is the amount of electricity : 
' that is delivered to meet people’s electricity : 
: needs and is equal to the power multiplied : 
_ bythe time over which itis delivered. Energy 
is measured in terawatt hours (TWh). 

: Capacity factor! is a measure of the use 
ofa generating facility. It expresses, as a per- : 
: centage, how the actual energy produced com- : 
pares with the energy the facility could have 
produced if operated continually at full power. ; 
: : knownas the baset, peakt and intermediate! 


Energy 
Capacity x Time in period 


This section describes: 


 * the pattern of existing energy demand; and | 
: *how the different forms of generation are | 
: used to meet the energy demand. 
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Customer Use Pattern 


determining the use of Hydro’s supply system. : 
There is arising and falling pattern of demand | 


as people use electricity in their daily lives. 


: As noted in Chapter 3, this pattern can be 
; described by an annual load duration curve. 

During the year there is a minimum level : 
of power demand that must be met at all times : 
and a peak level of demand that occurs for : 
only short periods, with intermediate levels : 
between these low and high values. These are 


2 load levels. : 
: These load levels correspond roughly to 
- three different types of generation. The base 
load, which occurs 70 to 100% of the time, | 
is served by base load generation. Peaking : 
; generation is used to supply periods of high | 


Figure 4-4 1988 Load Duration Curve and System Load Requirements 
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@ intermediate : 


m™ Generation Development 


People’s electricity needs are the major factor : 


In the first half of the century, electricity needs 


' were met with hydraulic generation. Inthe period 
_ from 1950 to 1975, fossil generation played a major 
rale in meeting growing needs. Since 1970, nuclear 


generation has played an increasing role. 


Once the sole source of power hydraulic now 


produces 23% of Ontario's electricity. 


: Fossil-fuelled generating stations provide the 
: system with the flexibility required to meet 
: peak loads or cover outages at other plants. 


electricity use, known as peak loads, which 
: occur less than 20% of the time, mainly during | 
: daily peaks and winter weekdays. Intermediate : 


: generation supplies the intermediate load that : 


occurs between 20 and 70% of the time. 


For example, Figure 4~4 shows that, in 1988, 
the demand was over nine GW 100 percent 
of the time and over 14 gigawatts 70 percent 
of the time. It also shows that the demand 


: was over 17.5 gigawatts 20 percent of the time | 


: and that for a few hours the load was above : 


3 22 gigawatts. The quantity and proportions 


: of peak, intermediate and base load plantare : 


also affected by other factors such as the 


: unavailability of generating stations. 


2 How Hydro Utilizes the System 
: to Meet Varying Demand 


: It is important to keep the costs as low as : 


possible while running the stations to meet : 
varying demand. Hydro fully utilizes hydraulic 
generation, followed by nuclear and finally 
fossil generation which act as “swing” units 
to fill in any remaining customer needs. The 


: basic economic principle is that generation | 


: with the lowest variable costs (largely fuel costs), 


: is operated to the maximum extent, while gen- 
: eration with the highest variable costs (high : 


: fuel costs) is operated the least. 


: The annual energy provided by Ontario , 
: Hydro generation, for the period from 1950 | 


to 1993, is illustrated in Figure 4-5. 
Figure 4-6 shows the amount of energy 


expected to be produced in 1993 from 


‘ 
. 
. 
ry 
’ 


: hydraulic, nuclear and fossil generation to’ 


: meet Ontario’s needs, excluding non-firm : 


purchases and exports. 
Figure 4-7 shows the energy capability of 


the installed generating capacity in 1993 assum- 


: ing no environmental restrictions; the predicted 
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Figure 4~§ Energy Production 
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Figure 4-6 1993 Projected Annual Energy Production 
by Generation Type 155 TWh 
® Nuclear 
62% 96 TWh 
@ Hydraulic 
23% 36 TWh 
@ Fossil* 
15% 23 TWh 


* Coal 22.9 TWh + Oi 0.1 TWh 
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Figure 4-7 
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1993 System Energy and Costs 


Capability Deployment 
Fueling Unit Capacity Annual Capacity 

Energy Cost Factor Energy Factor Energy 
¢/kWh (%) (TWh) (%) (TWh) 

0.1 63 36 63 36 

0.5 80 99 78 96 

2.4 80 65 29 23 
5.6 80 18 0.5 0.1 
218 155.1 


Figure 4-8 Average Electricity Retail Price To All Customers 
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deployment of the generation to meet the : 
: forecast energy demand in 1993; and the variable 
cost of the energy from each generation type. : 
| Hydro operates its generating capacity so : 
: that the lowest variable cost generation : 


Demand (hydraulic) is used to its fullest extent, the 
(%) : next lowest variable cost (nuclear) is used to : 
23 : the extent possible and the most expensive : 
62 ; (fossil) is used only as required to meet peaks : 
15 © in demand. Coal is used in preference to oil : 

: to keep costs to a minimum. Purchases can : 
100 3 be used where economic, usually to displace 
fossil generation. : 
In 1993, it is predicted that 36 TWh or | 
- 23% of the energy will be supplied from | 
hydraulic generation, 96 TWh or 62% will be 
: supplied from nuclear, and the remainder, : 
- 93 TWh or 15%, will be supplied from fossil 
2 generation. Eighty-five percent of the energy 

U.S.A. 

Ontario 

Canada 


: Electricity is now used in many applications 
that used to be met by oil. 


: demand comes from low fuel cost generation : 


"(hydraulic and nuclear). 


: Operating in this manner maintains reli- : 
3 ability and reduces cost and potential damage 
to the environment. No one fuel or conversion 3 
: process can be counted on to do all that is : 
| expected by Ontario’s electricity users in an : 
economical manner. A mix of generation offers : 


: lower cost and flexibility. 


: The result of developing low cost options : 
and using this form of system utilization is 3 
that the price of electricity to Hydro customers : 
: has remained relatively stable in real terms 
(Figure 4-8). Figure 4-8 also illustrates that 
: Ontario Hydro has electricity prices somewhat : 
: higher than the Canadian average. This rein- : 
forces the importance of competitive low : 
electricity costs in the future. The average 3 
_ generating cost in 1988 was 2.7 ¢/kWh (19888). 
Hydro’s rates are low compared to the average 


in the United States (Figure 4-9). 


Natural gas can play an important role in 
meeting Ontario’s energy needs. 
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Hydro operates its generating capacity so that the lowest 


re 


variable cost generation (hydraulic) 1s used to its 


fullest extent, the next lowest variable cost (nuclear) is used 


(fossil) 1s used only as required to meet peaks in demand. 
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Figure 4-9 Monthly Residential Electric Bills per 1000 kWh* 
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Figure 4-10 Ontario Hydro Acid Gas Emissions and Limits 
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Figure 4-11 Out-of-Province Sales and Purchases of Electricity 
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re 


Hydro’s rates are low 
compared to the average in 


the United States. 


: ELECTRICITY DELIVERY FACILITIES 


_ Hydro operates a transmission network or grid 
: that carries power from Hydro’s generating 
- stations to delivery points throughout the : 
province. The transmission component refers 
to the high-voltage part of the system that : 
: connects the generating stations with the major 
load supply points and large industrial cus- 
- tomers. These transmission lines are illustrated 
in Figure 4-1. 3 


Today’s provincial transmission grid consists 


of integrated 500 and 230 kV networks, with 
regional extensions along 115 kV networks. 
_ The existing and committed transmission system. 
consists of: 
_ © 3,100 circuit-km of 500 kV lines; 

"© 13,700 circuit-km of 230 kV lines; and, 
¢ 11,600 circuit-km of 115 kV lines. 


Managing impacts on land, air, and water is 


a fundamental consideration in electricity 
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Environmental Concerns 


Hydro’s operations continue to be subject to 
regulations covering environmental matters. 

Hydraulic generation is constrained by a num- 
ber of environmental considerations including 
navigation, flood and erosion control, recreation 
and fish management. Hydro operates its hydraulic 
stations within these constraints and undertakes 
mitigating measures, such as the construction of 
fish ladders, where required. 

Fossil generation is constrained by limits on 
sulphur dioxide (SO) and particulate emissions 
and limits on water temperature. In addition, by 
1994, Hydro is required by legislation to reduce 
its total acid gas emissions by about 60% from 
peak levels in 1982, to a limit of 215 gigagrams (Gg) 
per year (Figure 4-10). Hydro is doing so by reduc- 
ing the use of coal; by using fuel with lower sul- 
phur content and by using emission control 


facilities. 
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Acid gas emission regulations currently limit 
the amount of energy that can be produced at 
existing fossil stations. Control measures such as 
SO, scrubbers will have to be fitted to existing 
plants if increased amounts of fossil-generated 
electricity are required in the 1990s and beyond. 

Public concern is also leading governments to 
consider whether additional controls should be 
placed on fossil stations to control gases such as 
nitrogen oxides and carbon dioxide. Such controls 
would significantly add to the cost of new and 
existing fossil generation. 

Disposal of nuclear waste is a matter of contin- 
uing public concern. When used fuel is taken from 
the reactor it is initially stored at the reactor site. 
Plans are being developed in co-operation with 
Atomic Energy of Canada Ltd., for an underground 
rock repository for permanent disposal of the 


used fuel. 
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| The transmission system also includes trans- | 
: former stations which convert lower voltage 
: levels to higher levels, switch facilities in and 
' out of service, provide voltage regulation and : 
protect equipment. High transmission voltages 
are stepped down to lower voltages at numerous : 
: transformer points located between the grid : 
- and users of electricity. : 
3 Ontario Hydro’s customers are its 850,000 : 
3 rural retail customers and 316 municipal utilities 
: which distribute electricity to three million : 
3 homes and businesses throughout Ontario. : 
| Hydro also sells power to 105 industrial cus- | 
- tomers, supplied directly from the 115 and 
230 kV transmission networks, : 
' The delivery system has been designed and : 
3 Third, they help resolve certain problems such : 


: built for operational flexibility, cost effectiveness 
: and reliability. Hydro staff manage the hourly : 
and daily patterns, and often rapid fluctuations 


: Pickering generates enough electricity to supply more than 1.5 million homes. 
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in electricity demand across the province, arising 
from faults, emergencies, extreme weather : 
and other unusual conditions. 


Interconnections And Purchases | 
The Hydro transmission grid includes inter- : 
connections with neighbouring utilities outside | 


: the province. 


The interconnections with neighbouring : 
utilities have a number of advantages for Hydro : 
and its customers. First, they provide a backup : 
in case of generation or transmission problems , 
that would interfere with delivering reliable : 
electricity to customers. Second, they allow 


: Hydro to purchase electricity from other utilities 


or to sell it when it will benefit Hydro customers. : 


as frequency control. 
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Figure 4-12 Fossil and Nuclear Generating 


Unit Retirements by 2014 


Capacity 40th 
Unit Name (MW) Anniversary 
Thunder Bay #1 100 2003: 
Lakeview #1 289 2002 
Lakeview #2 289 2003 
Lakeview #3 284 2005 
Lakeview #4 284 2005 
Lakeview #5 285 2007 
Lakeview #6 285 2009 
Lakeview #7 285 2009 
Lakeview #8 285 2009 
Lambton #1 525 2010 
Lambton #2 525 2009 
Lambton #3 525 2010 
Lambton #4 525 2010 
Pickering #1 515 2011 | 7 
Pickering #2 515 2011; 
Pickering #3 515 2012 | 
Pickering #4 515 2013 | 
Nanticoke #1 542 2013 | 
Nanticoke #2 542 2013 
Nanticoke #3 542 2013 | 
Nanticoke #4 542 2014 
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Out-of-province interconnections are esti- 
mated to provide Ontario Hydro with support 
equivalent to 700 MW of reliable capacity at 
the time of peak load. Firm, long-term capacity 
_ purchases are in addition to this 700 MW. 
Through interconnections Ontario Hydro 
' makes purchases and sales of electricity to | 
reduce customer costs and improve reliability. 
Short-term transactions are made from hour 


: are made when the cost of purchase electricity 
is lower that what it would cost to produce it 
from Hydro’s own stations. Longer term trans- 
actions depend on many factors in the Ontario 


: Transactions in recent years are shown in 
Figure 4-1]. 
At present Ontario Hydro does not have 
contracts for major firm sales to other utilities. 


Life of Generating Facilities 


About 9.0 GW of generating capacity, or 28% 
of existing generation, is expected to reach 


the end of its service life by the year 2014, 


That generating capacity includes 
35 hydraulic stations ranging in size from 
0.8 to 76 MW and totalling 257 MW. Hydraulic 
stations are planned to be rehabilitated or 
: redeveloped indefinitely to make continuing 
to hour and day to day. For instance, purchases use of this renewable energy. Plans for reha- 


bilitation of hydraulic stations are described : 


in Chapter 10. 


The following fossil and nuclear stations, 
: totalling about 8.7 GW, are expected to be : 


Hydro and neighbouring utility systems. retired at the end of their 40-year service life. 


Figure 4-13 Fossil and Nuclear Retirements 


1995 2000 
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Year 


2010 2014 
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Figure 4-14 Projected Generating Capacity of Existing System 


Projected 
Generation 
Capacity 


1990 1995 2000 2005 2010 2014 
Year 


Figure 4-15 Total Cost of Electricity 


@ Total cost of 
electricity 
to customer 


Mi Costof 
customer 


interruptions: 


@ Cost of 
supply 


——— eal a ts 
Lower Reliability Higher Reliability 
Level of Reliability 
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he 


Retirements of economically 
obsolete generation will reduce 
the existing system’s capacity 

to meet people’s electricity 
needs by 8.7 GW, or 28% of the 


existing generation, by 2014. 


| Fossil 


: « Thunder Bay Unit 1 100 MW 

* Lakeview 2,286 MW 

: » Lambton 2,100 MW 
| Nanticoke Units 1 to 4 2,168 MW 
: Nuclear 

Le Pickering A 2,060 MW 


The equipment in a generating station phys- 


ically deteriorates for a number of reasons. 
Some deterioration occurs with time, whether 
or not the units are operating. Other dete- 
rioration is related to the number of hours 
that a unit operates. Some is due to the thermal 
stress caused by startups and shutdowns. 
: Generating units which operate at higher pres- 
sure and temperature to achieve higher 
efficiency are subject to rapid deterioration. 
Increasing maintenance cost as a unit gets 
older can contribute to economic obsolescence. 


New technology resulting in higher efficiency 


: and higher productivity can also contribute | 


' to economic obsolescence of generating units. 

: Until 1970, the rapid increases in efficiency : 
improvements and unit sizes resulted in many : 
' fossil-fueled units being replaced after a useful : | 


lifetime of 15 to 20 years. 


Since 1970, there has been little improve- : 


: mentin generating station efficiency. Generally, 
unit sizes have not increased and so economies 
: of scale have been minimal. As a result, most 


: utilities in North America are expecting : 
fossil-fueled units to have longer useful : 


: economic lifetimes. 


New environmental and safety regulations, : 
' which require major rehabilitation of a unit, .: § 
: are also factors which enter into the assessment | 


: of the economic lifetime ofa generating unit. 
CANDU stations operate at lower pressure 


: and temperature than fossil stations. On the | 


: other hand, CANDU stations have deterioration 


resulting from the nuclear process. Increased : 
sizes beyond 881 MW CANDU units are not : 


' contemplated for the foreseeable future. 


Ontario Hydro expects that the economic : 


lifetime of its fossil and nuclear stations will 


: be 40 years. Sensitivity studies have indicated : 


that customer cost does not change markedly 


with shorter or longer lifetime. The replacement : | 
plan is, however, significantly affected by a : 


: change in lifetime of generating units. 
Although this plan assumes a 40-year lifetime 
for fossil and nuclear units, itis expected that 


' individual units will be replaced somewhat : | 
‘ sooner or later than 40 years. The 40-year : | 
: lifetime is judged to be amedian expectation : 


: for unit retirements, 


Figure 4-12 shows the fossil and nuclear : 
unit expected retirement dates based on the : 
: 40th anniversary of the unit going in service. : 


: The amount of fossil and nuclear capacity 
' retirements is shown in Figure 4-13. 
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When current construction is complete the existing system 


will have an installed capacity of 32.5 gigawatts. 


Cameron Falls Hydro Electric Station situated 


on the Nipigon River. 
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Figure 4-18 Load Meeting Capability of Existing Generating Capacity 
Figure 4-16 Reserve Margins of Various 


North American Utilities (%) 45 
| ea ee ee, 
40 
oye 35 
Utility Name (%) Projected generation capacity 
Northeast Utilities, Hartford, Conn. 24: 30 
Public Service Electric 25 ~~ 
& Gas of New Jersey 99 = - Load me meeting ng capability | 
Philadelphia Electric ap) mi 
Delmarva Power & Light, Delaware 22 : 10 a ne 
Maritimes . 5 
(New Brunswick & Nova Scotia Power) 20 : 
0 
Commonwealth Edison 20 
se 1990 1995 2000 2010 2014 
Union Electric, St. Louis 18 Year 
Hydro Quebec 10 
Manitoba Hydro 12 


Figure 4-19 Reference Energy Meeting Capability of Existing System 


@ Hydraulic 
; " : @ Nuclear 
Figure 4-17 Load Meeting Capability BH Fossil 
in 1993 (GW) 
1993 installed Capacity 32.5 
Capacity Required for a 
24% Reserve Margin 6.3 


Load Meeting Capability of I: 
Installed Capacity 26.2 | 


1990 1995 2000 2005 2010 ©2014 
Year 


<The Existing System - Chapter Four> 
- 15 


| Consequences of Reduced Reliability 


: {f electricity demand rises to the point that inter- ! 
ruptions are increasingly likely, the first steps 
: taken are: to defer generation maintenance and to 
! make emergency purchases from other utilities 
' (if available), to cut supply to interruptible cus- 
' tomers, to make public appeals for people to 
- reduce their use of electricity and to reduce the 
system voltage. itis only after these measures that 
- Cuts are made to the firm supply of electricity to 
customers. The frequency and duration of inter- 
ruptions may be small initially, but increase rapidly 


as the margin falls. 
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Figure 4-20 Existing System Generation 


No. of 


Stations 


Generating 

Station 

Hydraulic Generation 
Niagara River 6 
Sir Adam Beck-No.1 

Sir Adam Beck-No.2 

Pumping Gen. Stn. 

Ontario Power 

DeCew Falls No.1 

DeCew Falls No.2 

St. Lawrence River 1 
Robert H. Saunders 

Ottawa River & 
Otto Holden 

Des Joachims 

Chenaux 

Chats Falls (Ont.Half) 
Madawaska River 5 
Mountain Chute 

Barrett Chute 

Extension 

Arnprior 

Stewartville 

Extension 

Calabogie 

Trent River 8 
Healey Falls 

Ranney Falls 

Meyersburg 

Sidney 

Hagues Reach 

Seymour 

Frankford 

Sills Island 

Subtotal Hydraulic 24 
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No. of 
Units 
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142 


In-Service 


Dates 


1922-1930 
1954-1958 
1957-1958 
1905-1913 
1904-1911 
1943-1947 


1958-1959 


1952-1953 
1950-1951 
1950-1951 

1931 


1967 
1942 
1968 
1976-1977 
1948 
1969 
1917 


1913-1919 
1922-1926 
1924 
1911 
1925 
1909-1911 
1913 
1926 


Peak 
Capacity 
MW 


118 


11.4 


4217 


Average 
Capacity 
Factor % 


53 
85 
=f 
44 
27 
87 


87 


Typical 
Energy 
Output 

GWh 


2085 
9941 
-103 
562 
69 
1102 


7033 
1146 
2178 

725 


540 


288 
290 


143 


35 


Figure 4-20 Existing System Generation (continued) 


Generating 
Station 
Montreal River 
Lower Notch 
Mattagami River 
Wawaitin 
Sandy Falls 
Lower Sturgeon 
Montreal River 
Indian Chute 
Hound Chute 
Matabitchuan River 
Matabitchuan 
South River 
Elliott Chute 
Bingham Chute 
Nipissing 
Sturgeon River 
Crystal Falls 
Wanapitei River 
Stinson 
Coniston 
McVittie 
Nipigon River 
Pine Portage 
Cameron Falls 
Alexander 
English River 
Ear Falls 
Manitou Falls 
Caribou Falls 
Winnipeg River 
Whitedog Falls 
Subtotal Hydraulic 


No. of 
Stations 
1 


21 


68 


In-Service 


Dates 


1971 


1912-1918 
1911-1916 
1923 


1923-1924 
1910-1911 


1910 


1929 
1923-1924 
1921-1924 


1921 


1925 
1905-1915 
1912 


1950-1954 
1920-1958 
1930-1958 


1930-1948 
1956-1958 


1958 


1958 
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Peak Average 
Capacity Capacity 
MW Factor % 
260 79 
10.7 60 
2.6 66 
5.9 62 
73 
3.5 69 
10 61 
1.2 53 
0.9 49 
1.6 59 
8.2 58 
§.7 a4 
4.2 51 
1.8 33 
112.9 63 
75.9 74 
62.4 69 
10.8 79 
59.5 72 
82 62 
60.7 66 
784 
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: : system’s capacity to meet people’s electricity : 
| needs by 8.7 GW, or 28% of existing generation, ; 
: by 2014. 


Typical 
Energy 
Output 

GWh 


414 


10 


Retirements of economically obsolete : 
generation units will reduce the existing : 


Figure 4-14 indicates the projected gen- 3 


erating capacity of the existing system from 
1989 to 2014, at the time of the winter peak 
demand. Other than Darlington, it assumes 
no new generation additions. It shows the 
installed capacity less retirements and major 
outages for rehabilitation. : 


| Reliability Reserve : 
People regard their electricity supply as reliable 
if they continuously receive all of the electricity 
they want. It is common practice to measure 
unreliability by how often the electricity is 
interrupted, by how long it is interrupted, 
and by how much electricity the customer wants 
that goes unserved. 3 


In general terms, itis not possible to make | 


: anelectrical system perfect or 100% reliable. 
This raises the fundamental question of how 
reliable an electrical system should be. The 
answer to this question is illustrated in principle 
in Figure 4-15. To make the electricity supply 
system more reliable, the cost of adding facilities 
: to do so will increase the electricity price to 
a the customer. On the other hand if too few 
: facilities are installed, interruptions of electricity 
: to the customer will result in their having to 
bear the cost of not having electricity available. 
For example, most factories would incur large 
costs from loss of production without continuous 
electricity supply. The impact of unreliability 
also varies from customer to customer. For 
' example, the impact ona residential customer 
can be different than the impact on a factory. 


Studies of how to minimize electricity supply 


costs and customer damage costs have led Hydro : 


<Providing the Balance of Power> 


Figure 4-20 Existing System Generation (continued) 


Typical: 

Peak Average Energy 5 
Generating No. of No.of In-Service Capacity Capacity Output 
Station Stations Units Dates MW Factor % GWh 
Kaministikwia River 2 
Silver Falls 1 1959 45.5 45 190: 
Kakabeka Falls 4 1906-1914 7 51 148; 
Aguasabon River 1 
Aquasabon 2 1948 43.9 82 315 
Mississippi River 
High Falls 1 3 1920 2.6 86 13 
Rideau River 5 
Merrickville 1 2 1915-1919 0.8 68 a 
Otonabee River 2 
Auburn 3 1911-1912 1.8 57 10 
Lakefield 1 1928 Ve 48 8: 
Muskoka River 2 20 
Ragged Rapids 2 1938 1.5 60 42 
Big Eddy a 1941 7.1 56 39 
South Muskoka 3 
South Falls 3 1916-1925 4.2 76 27: 
Trethewey Falls 1 1929 1.6 50 9 = 
Hanna Chute 1 1926 1.2 88 8 
Beaver River 1 
Eugenia 3 1915-1920 6.3 50 18 
Severn River 1 
Big Chute 4 1911-1919 4.3 88 30 fw 
Abitibi River 2 
Abitibi Canyon 5 1933-1959 294 52 1311 
Otter Rapids 4 1961-1963 178 54 688 
Mattagami River 3 
Little Long 2 1963 127 18 587 as 
Harmon 2 1965 132 4g 603 
Kipling 2 1966 142 47 635 
Subtotal Hydraulic 19 47 1018 4636 
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Figure 4-20 Existing System Generation (continued) 


Generating No. of 
Station Stations 
Mississagi River 4 
Aubrey Falls 

George W. Rayner 

Wells 

Red Rock Falls 

Sub Total Hydraulic 4 
Total Hydraulic 68 


No. of 
Units 


co re Fr PR Ff 


265 


: Transmission networks carry electricity from 


Hydro’s generating stations to delivery points all 


across the province. 


In-Service 


Dates 


1969 
1950 
1970 
1960-1961 
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Peak Average 
Capacity Capacity 
MW Factor % 
158 13 
46 5 
229 18 
40 53 
473 
6489 
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Typical 
Energy 
Output 

GWh 


165 
18 
369 
194 
746 
35608 


: reserve margin = 


: capacity margin = 


to develop a reliability standard for generation 
: of 25 system minutes per year. This means : 
: that, on the average over the long term, cus- 


tomers will be without electricity equivalent : 
to 25 minutes per year of peak system demand : 


: due to inadequate generation. Additional inter- : 
' ruptions would likely occur asa result of trans- 
: mission, distribution and other problems. 


Perfect reliability cannot be achieved because 3 


: demand cannot be forecast perfectly and gen- 
: erating units are not always available for use 3 
- when needed. Demand for electricity, for exam- 
ple, can vary as a result of unusual weather 3 
3 or unexpected economic growth. 


No type of generation - hydraulic, fossil : 


a | oie ae continuously in service. All : 
: types of generation have problems which force 3 
; generating units out of service. The extragen- : 
erating capacity to accommodate these and | 


- other factors is called the reserve capacity. 


Large generating units tend to have lower | 


unit energy costs and somewhat lower reliability. 
‘ : Planning seeks to minimize the customer total : 
: cost by seeking an optimum unit size and appro- : 
| priate system reserve margin.1 : 


The amount of reserve margin needed to : 


meet the 25 system minute reliability criterion : 
_ for Ontario Hydro is typically 22 to 24% of : 
: the customer load. : 


reserve capacity 


-~Gustomerload  ~ i 


A number of utilities in North America : 


' are beginning to express the reserve margin 
' in terms of a capacity margin! using the fol- : 
: lowing formula: 


reserve capacity 


total capacity ne 
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Figure 4-20 Existing System Generation (continued) 


1 35 


Typical 
Peak Average Energy 
Generating No. of No.of In-Service Capacity Capacity Output 
Station Stations Units Dates MW Factor % GWh 
Fossil Generation 
Coal-Fueled 5 
Lakeview 8 1962-1969 2286 65 1082 
Lambton 4 1969-1970 2100 72 5381 
Nanticoke 8 1973-1978 4336 78 15443 
Thunder Bay Unit 1 1 1963 100 86 27 
Units 2&3 2 1981-1982 320 85 733 
Atikokan 1 1984 215 84 539 
Subtotal Coal (CSC) 5 24 
Residual Oil-Fueled(CSC) = 1 
Lennox 4 1976-1977 2232 87 80 
Subtotal (CSC) 6 28 11589 23285 
Oil-Fueled CTU 9 
Lakeview 3 1967 23 90 
Lambton 3 1967 23 90 
Nanticoke 3 1971 23 90 
Lennox 2 1975 5 90 
Bruce “A” 2 1974-1976 33 90 
Bruce Services 3 1976 33 90 
Bruce “B” 2 1982-1984 33 90 
Darlington 2 1987 52 90 
Thunder Bay 2 1968 33 90 
Subtotal O11 CTU 9 22 258 13 
Nuclear Generation 
Uranium-Fueled(CANDU) 5 
Pickering A 4 1971-1973 2060 86 15257 
Bruce A 4 1976-1978 3076 58 15435 
Pickering B 4 1983-1985 2064 85 15103 
Bruce B 4 1984-1987 3440 83 24711 
Darlington 4 1989-1992 3524 85 25885 
Total Nuclear 5 20 14164 96391 
Total System 79* 313” 32500** 


*Excludes CTU  ** includes CTU's 


a Ea a EN ee eg 
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2 
i as Quebec and Manitoba Hydro, use mostly : 
: hydraulic generation, and have good water : 


Under this formula, the typical capacity margin : 
: for utilities range from 16 to 20%. 
Interruptions on the system of one utility 
can cause difficulty for other interconnected : 
' utilities. Consequently, North American utilities 
: meet periodically to review each other’s reli- 


A target reserve margin of 24% has been | 
used for this report. In the median forecast 
cases, it will vary from about 22 to 24% because 
of changes in demand and supply factors from 
' year to year, 


requirements of some other utilities are provided 
: in Figure 4-16. : 


This comparison must be treated with some 


: care because the margin definition and cal- : 
culation can vary among utilities, Utilities such 


storage, can work with lower margins because 
| of the high reliability of hydraulic units. The 
other utilities shown have reserve margins 
: between 18 and 24%. Each utility develops a 
reserve margin to optimize its own particular 
circumstances. For instance, Commonwealth | 
Edison relies on its strong interconnection : 


i facilities. : because it is the most expensive. More use | 
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Future Load Meeting Capability 


| of the Existing System 


The effect of allowing for a 24 percent reserve 


: margin is illustrated in Figure 4-17. 


: total installed capacity of about 32.5 GW by 
: ability situation in a forum known as the North : 
American Electric Reliability Council (NERC). 
| NERC provides reliability guidelines to utilities. 


1993, when Darlington is completed. With a 


reserve of 24% of customer load, the required 
: reserve for Hydro’s 32.5 GW generating system | 


is 6.3 GW, 
The difference between these two figures 


ween wesesccescorescers 


could be made of fossil generation, ata price, 
if the demand were to occur at off-peak periods 


' and if additional environmental controls : 
i were fitted. 
Hydro’s generating facilities will have a : 


The practical energy meeting capability : 


: of the existing system is limited by the 
: amount of acid gas controls fitted to the coal- : 
: fueled units. 


is 26.2 GW. This is known as the load-meeting | 


capability of the existing system, and is the : 
: peak demand that can be reliably supplied : 
For comparison, the reliability reserve : 


to the customer by the system, including : 


transmission delivery losses. 


As shown in Figure 4-18, the projected 


: load meeting capability of the existing system : 


increases as Darlington comes into service, : 
then stays level to 2006, and then steadily | 
declines as major generating stations reach | 


the end of their service lives. 


Future Energy Meeting Capability 
of the System 


The acid gas emission limit drops from 


430 to 280 Gg per year in 1990 and to 
| 215 Gg per year in 1994. This restricts fossil 


fueled energy production capability. Installation 
of flue gas conditioners starting in 1990, and 
scrubbers starting in 1994, will restore some ' 
of that production capability, but there will 


: be a net reduction of about 6 TWh. 


As the Darlington units come into service 
the nuclear capability increases by about F 
24 TWh. An illustration of the system energy 
production capability with environmental : 
restrictions is shown in Figure 4-19. 

The system energy production of the system 


in 1989, with environmental restrictions, is : 
i about 150 TWh, by the mid-1990s the capability : 
: stabilizes at about 165 TWh per year. Beyond : 


Hydraulic and nuclear generation are types : 


: already used as much as possible because they 


are the generation with the lowest variable : 
i for contingencies. 


costs. Fossil generation is used only as required 
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2002, the capability declines because of the 7 
retirement of generating units. About 9TWh : 
per year of the capability is used as a margin 


New environmental regulations, now being : 


: discussed, could lead to further reductions : 
: in fossil energy production capability. m™ 
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Chapter 6 Chapter 7 
Costing Concepts The Demand 
and Management 
Avoided Costs Plan 


Chapter 8 
The Non-utility 
Generation 
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| Chapter 15 Chapter 16 Chapter 17 Chapter 18 
Requirement for The Hydraulic Requirement for Major Supply Major Supply Avoided Cost Demand/Supply Action Plans 
New Supply Plan Major Supply Options Plans Determination Plans 


5 REQUIREMENT FOR 
DEMAND /SUPPLY OPTIONS 


This chapter establishes the requirement for new demand and supply 
options to 2014 by comparing the full bandwidth 
forecast of basic electricity demand (Chapter 3) with the load 


meeting capability of the existing system (Chapter 4). 


2 


30 


- This comparison shows that timely decisions 
: on demand/supply options must be made if 
Ontario’s electricity customers are to continue 
: to enjoy reliable, low-cost electricity service 
: in the future. 


_ PEAK POWER REQUIREMENTS 


2 Median Forecast: New Options 
: Required by 1993 


Figure 5-1 shows the median Basic Load Forecast 


The year in which demand exceeds existing 
capability is called the need date for new options. 
The need date for the median forecast is 1993. 
Between 1990 and 1993, the demand and supply 
remain reasonably balanced as the Darlington 
station comes into service. 


For long-term planning, the important factor 


: isthe increasing divergence between forecast 


: The options required after the need date ; 
' may come in the form of reducing the growth : 
in demand or in the form of new sources of | 
supply to increase load-meeting capability. : 


: The width of the gap in a particular year indicates : 
the amount of demand to be met by additional 
: demand/supply options. 2 
It should be noted that demand continues : 
to increase from 1993 to 2014, and that capability 
: declines significantly due to retirements 3 
inthe period 2006 to 2014. The requirement | 
3 for new demand/supply options increases to 
21 GW by the year 2014. This is close to the 
. current peak power demand. 3 


: Upper Forecast: New Options 
for peak power, and the load-meeting capability 
: of the existing system for the period to 2014. : 


Required Now 


It is important to remember that the Basic : 
Load Forecast incorporates a bandwidth | 
approach, reflecting uncertainty about the : 
growth of the province's future needs for elec- : 
tricity service. This bandwidth is identified 
- in Chapter 3. 3 
Figure 5-2 shows the upper Basic Load 
: Forecast and the load meeting capability of 
: the existing system. If load growth continues 
: demand and load-meeting capability to the 7 


on the upper path without demand/supply 
: year 2000 and beyond. 


: options being implemented, the reliability : 


reserve will decline. 


Given the lead timet for new options, 
Ontario Hydro is preparing the R.L. Hearn : 
units as a contingency measure to help meet | 
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Figure 5-1 Required Demand/Supply — Peak Power Demand 


59 _SW Median 
45 
40 . 
35 —— Capability of 
30 OES Existing System 
1 Required 
es ae acs 
i 
5 : Demand Exceeds 
' > Capability In 1993 

1990 1995 2000 2005 2010 2014 

Year (January) 


: this potential requirement. This is a short- : 
term expedient, given that this capacity is old, 
inefficient, and expensive. The requirement 
' for new demand/supply options increases to 


e@ 


- 26 GW by the year 2014. 


Faced with increasing 


- Lower Forecast: New Options 


| Required by 2000 


reqirements, timely actions are 
necessary to address the 


risk of deteriorating service. 


: lower forecast commencing in the year 2000, | 
| The requirement by 2014 is 15 GW, of which | 
: a major part is due to retirement of existing : 


. 
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There is a 50 per cent chance that the load 3 
will be less than the median, and a 10 per cent : 
' chance that the load will be less than the lower 
: forecast. As illustrated in Figure 5~3, there 
is still a requirement for new options for the 


fossil and nuclear stations. 


2 i 


35 3 
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Figure 5-2 Required Demand/Supply — Peak Power Demand 


59 _GW Upper 
45 Basic Load 
Forecast 
40 [Sea 7 
Load Meeting 
35 Capability of 
30 Existing System 
25 Required 
20 Demand/Supply 
15 
10 
5 Demand Exceeds 
: Capability Now 
1990 1995 2000 2005 2010 2014 
Year (January) 
Figure 5-3 Required Demand/Supply — Peak Power Demand 
35 GW Lower 
Basic Load 
30 Forecast 
Load Meeting 
e _—— Capability of 
20 
Required 
15 Demand/Supply 
‘ 
5 : Demand Exceeds 
: Capability In 2000 
0 : 
1990 1995 2000 2005 2010 2014 


Year (January) 
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: THE NEED TO MAINTAIN RELIABILITY 


' The Projected Shortfall 

| Would Lead to Unreliability 
Without actions to increase supply and reduce 
' demand when demand begins to exceed : 
capability, the reliability of service would de- 2 
cline. Although the deterioration would not 
: be noticeable immediately, it would quickly 
worsen as the gap between demand and 
capability widens. : 


In the median forecast, the reliability reserve 


would likely slip to 15 per cent by 1995 or 
1996, compared to the target of 24 percent. 
Unsupplied customer energy! would likely 
increase to many times the acceptable standard. 
With a planning reserve margin of only 
15 per cent, unsupplied customer energy would 
average about 160 system minutes per year, 
compared to the reliability criterion of 
25 system minutes? per year. : 


Faced with increasing requirements, timely : 


: actions are necessary to address the risk of | 
: deteriorating service. 


: Summary: Need Dates and Requirements 
Figure 5-4 tabulates the requirements for new 
: demand/supply options. The requirement for 
additional demand/supply by 2014 ranges 
between 15 GWand 26 GW. The load-meeting 
: capability of the existing system in 1988 was 
23 GW. 


Figure 5-5 shows the requirements for 


demand/supply in gigawatts by year for the : 
: three forecast bandwidths. i 


Abe ebabeceeane 
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Figure 5-4 Requirements* for New Demand/Supply Options (GW) 


January 

of Year Lower Forecast Median Forecast Upper Forecast : 5 
1990 0 0 pig, | 
1995 0 2.0 5.2 

2000 0 5.0 9.9 

2005 3.4 9.7 15.4: 
2010 9.8 16.0 214 i 0 
2014 15.0 21.3 26.2 | 


: if Load-meeting capability. 
; i 


Peeretree teeter rrrrte reer 


5 


20 


; 
: 
; 25 
: 


: 
i 
: 38 
$ 
: 


> 40 
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Figure 5-5 Required Demand/Supply - Peak Power Demand 


25 
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15 
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Figure 5-6 Required Demand/Supply* — Annual Energy Demand 
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Energy Requirements 
: Energy and capacity requirements are both 
: important in planning. Both have major impli- 
cations. Planning to meet the capacity require- 
ments has major implications for preserving 
: reliability, while meeting energy requirements 
has major implications for maintaining low 
| costs and mitigating environmental impacts. 


Figures 5-6, 5-7, and 5-8 show the energy 


requirements for the median, upper, and lower 
load forecasts. The top line illustrates the Basic 
Load Forecast for energy and the lower line 
: shows the energy meeting capability of the 
existing system. The figures illustrate the 
required energy to be met by new demand/ : 
supply options and redeployment of the 
existing system. : 


For example, existing coal-fueled generating 


stations can be operated at higher capacity : 
factors to meet part of the future energy require- 
ments. Such redevelopment requires retrofit 
of scrubbers to reduce the acid gas emissions. 


Figure 5-9 lists the energy requirements | 


' to be met by new demand/supply options or : 
redeployment of the existing system. By 2014, 
the annual energy requirement grows to an : 
additional 98 terawatt hours for the median 
forecast. An increase of about 75 percent over 
the energy demand in 1988. Increased energy : 
requirements tend to increase environmental 
impacts unless low-impact options are selected 3 
and committed on a timely basis. : 


Figure 5-10 plots the energy requirements 
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Figure 5-7 Required Demand/Supply* — Annual Energy Demand 
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Figure §-8 Required Demand/Supply* — Annuai Energy Demand 
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: : for new demand/supply options. 


3 Figure 5-9 Future Energy Requirements (TWh) 


a : Preparations for New Demand/Supply 


Year Lower Forecast Median Forecast Upper Forecast Options Should Start Immediately 
5 " 1990 0 0 7 This chapter shows early need dates and large 
| 1995 0 8 25 requirements for new demand/supply options 
~ 2000 0 29 57 to maintain customer reliability, low customer 
2005 13 50 81 costs, and to protect the environment. 
: ~ 2010 35 70 100 There are options with short lead times, 
10 2014 61 98 124 like some demand management programs, 
: y non-utility generation, and combustion turbines. 7 


: Hydro is counting on these to help meet : 


customer needs in the 1990s. 
: Ontario Hydro’s planning must recognize | 
18 2 that it takes time for demand management 
: programs to take effect, and for new low 
cost supply facilities to be designed, approved, 

and constructed. Because of these long 

lead times, it is urgent to start preparations 

20 | immediately. @ 


Figure 5-10 Required Demand/Supply* — Annual Energy Demand 
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6 CosTING CONCEPTS AND AVOIDED Costs 


In Chapter 5, the requirement for additional demand and supply options 
is established for each year during the 25 year planning period. 
Cost is one of the primary criteria in developing the best integrated 


demand/supply plan to meet these future requirements. 


6: 


This Chapter focusses on the general costing 
concepts that Hydro uses to help make planning 
: decisions; and, one particular application called 
: “avoided cost”. Avoided cost is defined as the 
supply costs which are avoided when any demand 
: or supply option is substituted for an equivalent 
part of a demand/supply plan. 


Those interested in avoided costs approach 


the issue from many different perspectives 
ranging from profit motivation to low costs. 
Over the years a variety of methods and assump- 
tions to calculate avoided costs have been | 
adopted in a number of jurisdictions in the 
: US. These differences add to the controversy : 
surrounding the subject. 


Hydro has the responsibility to act in the 


i that costing concepts be fundamentally sound 
: and applied consistently so as to be fair to | 
all parties. 


An example of fairness is the cost estimates 


comprehensive and realistic with all direct 
- and indirect costs included. Similarly, Ontario _ 
Hydro’s estimates for options managed by other : 
: parties must also be comprehensive, realistic : 
and include all direct and indirect costs. 


: declared before the Select Committee on Energy : 
of the Ontario Legislature its intended polity 
: to have periodic public review of costing con- 
3 cepts and avoided cost determinations. This 
: plan reportand, in particular, Chapters 6 and 
: 16 provide a basis for such a public review. : 
The Minister of Energy announced on 
3 November 6, 1989 that the review of this plan : 
7 would take place before the Environmental ! 
Assessment Board and that the review would 
include a consideration of social and envi- : 
- ronmental costs. The issues surrounding social ; 
and environmental costs and benefits are dis- 3 
: cussed in this chapter. 
- Ontario’scurrent electricity needs are met 
through a variety of demand and supply options. 


: best interest of its customers. It is important : Future needs will also be met through a mix | 


of these options. 


In making decisions about the options to.’ 
' be employed, Hydro must be able to evaluate : 
them from a variety of perspectives. While : 
: for generation options owned and operated ; 
: by Ontario Hydro. These estimates must be 


many criteria will be used, one of the primary 
criteria is an evaluation based on cost. Hydro 
wants to know how different options and com- 
- binations of options will affect customers’ elec- 


tricity costs over the long term. 


No two options are alike. Some supply | 
- options will be more costly to build than others. 
Recognizing the importance of this subject 


Some options will require higher expenditures 
and its controversial nature, Ontario Hydro 


: for environmental control than others. Some : 
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Figure 6-1 Nuclear Project Cost Model Showing Full Life Cycle Costs 
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- options will last decades, while others will | 
* only last a few years. In evaluating the costs, : 
: Ontario Hydro takes into account these different 


: characteristics. 


: Different concepts and methods for eval- : 
: uating costs have been devised which reflect : 
| different characteristics and give different : 
3 perspectives on the costs. For example, account- 
: ing costs have to be examined to assess rate 
3 impacts, while incremental costs are used for : 


different concepts and the perspectives they 7 
: provide. The methods of economics are applied 


3 consistently to all demand/supply options. 


:  Theconcept of avoided cost is particularly 
' useful in evaluating demand management, | 


: non-utility generation and hydraulic generation 
: costs. It draws on the concepts of economic 
: appraisal and is described later in this chapter. 
The costing concepts used by Hydro are 


used by other utilities for similar decision making : 


: purposes. 


OM&A = Operation, maintenance 
& administration 
POMA Partial OM & A {total OM & A, 
Jess heavy water upkeep) 
LSFCR _ Large scale fuel 


channel replacement 


Ca a | 
j Fueling mi 
Burnup 
Conversion 
efficiency 


Direct Loss makeup } Mining and Transpor- 
OM &A Upgrading milling tation 
Training Tritium Refining, Repository 
removal conversion and 
fabrication 


The following general costing conceptsare : 


discussed in this Chapter: 


® cost measurement — constant and inflated : 
: dollars; 


* comprehensive life cycle costs! -all options; 
¢ Total Customer Costt concept; 
¢ Accounting Cost concept; 


¢ Direct and Allocated costs? (D&A) vs System | 


Expansion Costs! (SE); 
¢ Present Valuet methodology (PV); 


economic analysis. This chapter covers the 7 ¢ Levelized Unit Energy Cost (LUEC)T; 


* allocation of costs to plan period, 
* long run supply costs; 


* uncertainty - expected costs; and, 

* social and environmental costs and benefits. 
Avoided costs are discussed under the | 

following topics: 

_ © avoided cost-concept and application; 

* establishing avoided costs; 

¢ determination of avoided costs-NUGsand . 


demand management, and, 


: © current estimates of avoided costs. 
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: High efficiency lighting in commercial and 
_ industrial buildings can save money for both the 


customer and the utility. 


: 20 


: 35 


20: 


rs) 


: Year 


- 2001 


_ GENERAL COSTING CONCEPTS 


Cost Measurement - Constant and 
Escalated Dollars 

| The first factor in dealing with forecasts of 
: costs is inflation. 


Hydro expresses forecast costs in both con- 


Money will not be worth what it is today 


: future to buy what $1 will purchase today. 


Inflation index 

1989 1.00 
1990 1.04 
1991 1.09 
1992 1.14 
1993 1.20 
1994 1.25 
1995 1.31 
1996 1.38 
: 1997 - 1.45 
1998 1.52 
- 1999 1.60 
2000 1.68 
1.77 


Real or constant dollars = 
: stantand escalated dollarst, Escalated dollars 


: are the actual dollars spent in any future year. 
Sometimes they are referred to as dollars of 
the year. Escalated dollars include the effect : 
of inflation. To relate escalated dollars to current 
purchasing power, inflation has to be removed. 
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| For example, $1,000 (escalated) spent in 2000 
would only buy the equivalent of spending 
: $600 in 1989, 


Costs which exclude inflation, are known 


as constant, or real dollars. Using constant 
dollars makes it clear whether costs are forecast 
In forecasting the price of a particular com- : 


: modity, allowance is made for market factors 
: which may cause costs to change faster or slower 
: than inflation, 


to rise faster or slower than general inflation. 


: values and purchasing power. 


Escalated dollars 
Inflation Index 


Real costs can be expressed in constant 
dollars of any particular year. In this document 


| constant dollars of 1989 are used. 


Inflation is usually measured in terms of the Consumer Price Index. The table below is the forecast of : 
' the Consumer Price Index used in these studies. It shows the dollars that will have to be spent in the 


Year Inflation Index 
2002 1.86 
2003 1.97 
2004 2.08 
2005 219 | 
2006 2.30 pg! 
2007 2.41 | 
2008 2.53 fi: 
2009 2.66 
2010 2.79 
2011 2.93 | 
2012 3.08 
2013 3.23 0 
2014 3.39 
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Comprehensive Life Cycle Costs 
| One principle that is crucial in estimating | 
costs for the purpose of demand/supply : 
: planning is to include all relevant cost com- : 
ponents for an option from its acquisition, , 
through its operating life, to the post operation, 
: decommissioning and dismantlement. : 


Constant dollars allow comparison with today’s : 


Life Cycle Costs = Acquisition + Operation + 


Post-Operation 


The acquisition costs include all the costs : 


' associated with the initial design, site purchase 
- and construction. The operation phase costs | 
include those for the operation, maintenance, 
and fuelling of an option, as well as the over- 
: heads, that are associated with carrying out 
these activities. Operation (excluding fuel), | 
| maintenance and administration are often : 
; grouped together and referred to collectively 3 
as OM&A. Post operation costs include 2 
decommissioning and used fuel disposal costs. 


Another way of dividing the costs is into | 
capital, OM&A, and fuelling. A display of all : 


the life cycle components, divided in this : 
way, for a nuclear station is shown in 
Figure 6-1. This cost model was reviewed and : 
validated by the Ontario Nuclear Cost Inquiry. 
A cost estimate was made for each element 
in the figure. 


Figure 6-2 illustrates an example of the : 
expenditures over the full life cycle ofa nuclear 


j : station with the first unit planned for 2002. 3 
: All costs are in constant 1989 dollars. It shows : 
a: that capital costs occur primarily in the acqui- 
+: sition phase, although there are substantial 
; : capital costs in the operating and post operation 
| phases for retubing and decommissioning. 


Similar cost models were developed for 


| the Thermal Cost Review. These models are 


: adjusted to reflect the specific elements of : © 
: alternative options, and include explicitrecog- 
: nition of the costs to remove sulphur dioxide : 


i and nitrogen oxides. 


i For NUGs the costs included are those : 
: specified in the contract and other costs such : 


: as Hydro’s administration costs. 


The life cycle cost of a demand manage- 
: ment option includes the incremental equip- | 
: ment and the OM&A costs associated with : 


the option. 


: Full life cycle costs are used by Hydro to 
: evaluate the costs of different options and : 
: plans, It is important that the life cycle cost : 


estimates be comprehensive and realistic. 


: Cost Component Accuracy 


i For the nuclear and fossil options, estimates : 
: of the accuracy of the individual compo- : 
i nents are combined to estimate the accuracy | 


: of the total. 


The uncertainties included in the analysis 
include considerations of possible changes 
in wages, working conditions, technological 
developments, and social and environmental 


i requirements. 


: The development of the estimates uses prob- 
i ability analysis to the degree possible. When : 
data is limited, reliance on expert judgement 


i is necessary. 


Total Customer Costs 


: The Total Customer Cost concept is used to 
evaluate demand management options. An 
electricity efficiency option affects the cost 
of the customer’s equipment and also affects 


supply costs. 


: Both components of the cost are ultimately 
: paid for by all customers through electricity 
rates. Therefore a costing concept used by 


Ontario Hydro is Total Customer Cost. 
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Figure 6-2 Life Cycle Cost of a Nuclear Plant Total 
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Figure 6-2 Life Cycle Cost of a Nuclear Plant OM&A 
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Figure 6-2 Life Cycle Cost of a Nuclear Plant Capital The Total Customer Costs include, on the 

: production side, all the costs involved in building 

1200 the electricity system, the fuel and operating 
2 resources. Included on the utilization side, 
are all the costs incurred by the end user in 
obtaining the service required - heating, light- 
ing, motor power, etc. Figure 6-3 illustrates 
the concept of Total Customer Cost. 
| Todetermine whether or notan insulation 
program for electrically heated houses is an 
economic option, a comparison is done. Without 
an insulation program, the Total Customer 
Cost is the cost of generating, transmitting 
and distributing the electricity needed to heat | 
the house. With the insulation program the 
Total Customer Cost includes the cost of insu- 
lation and the cost of supplying a lesser quantity 
of electricity. The lowest Total Customer Cost 
is economically preferred. 


1000 


800 +— Aquisition 


600 


Mlillions $1989 
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| 
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Because incentives and changes in revenue 
are transfers of money between Hydro and 
its customers, they do not affect the total of 
the customers’ and Hydro’s costs, However, 
90 in order to be acceptable, the cost to the Hydro 


Figure 6-2 Life Cycle Cost of a Nuclear Plant Fueling 


: family of an incentive program must be : 
: equal to or less than the avoided cost of the : 
i energy saved. 


1000 
E : The Total Customer Cost concept is impor- 
: tant for utilities like Ontario Hydro because 


_————— | : vi demand mange a 


600 


Miillions $1989 


i of various demand management options. 

400 
: Accounting Costs 
The price customers pay for electricity is based 
: on accounting costs. 
1989 1999 2009 2019 2029 2039 2049 2059 2069 2079 : _ The purpose of accounting costsistoensure 
Year : the proper allocation and recovery of the costs 
I TEE EIEEE EEE ESEEE EEE nan nanan incurred. Underlying the determination of 
| aegaiecini, ae : accounting costs are the principles of fairness 
SE ts, ca ate : and the matching of costs and benefits to cus- § 


Post Operation: 2043 - 2083 nae 
: tomers. These principles also require the proper : 
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: allocation of costs between current and future 


: customers. 


Customers pay for a facility only while they 
are receiving a benefit from it. Customers there- 
fore do not pay for it during construction or 
after it has reached the end ofits useful lifetime. 
Because of this, all costs no matter when 
incurred, are recovered through electricity 
rates during the operating life of the facility. 
Figure 6-4 illustrates the full life cycle costs 
of a nuclear station and their allocation to 
the operating phase. Costs incurred prior to 
the operating phase, such as interest during 
construction, are accumulated and incorporated 
into the station’s capital costs. Capital costs 
are allocated over the operating phase through 
straight line depreciation. Provision is made 
during the operating phase for costs that will 
be incurred after the operating phase. This | 
concept of allocating all life cycle costs to 
the operating phase of the project is also used 
in various decision making cost concepts such 
| as levelization and avoided costs which are 


: explained later. 


: Accounting costs are most useful when 
applied to the entire Hydro system with all 
its components. Customers do not pay separately 
for components like a transmission line or a 
generating station. However, it is instructive 
to apply those accounting principles to a single 
component, like a generating station. Since 
projects are of various sizes, it is useful to 
express the cost per unit of electricity produced 
(dividing the cost in a year by the annual elec- 
tricity production). This is known as the 
Accounting Unit Energy Cost (AUEC). The 
AUEC isarepresentation of the costs Ontario 
Hydro customers will pay through rates in 
each year of the option’s lifetime. The AUEC 
_ includes the effects of all of the option’s life 


: cycle costs. 
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Figure 6-3 Example of Total Customer Cost 


Electricity Service 


Resources Required 


: 9 
Figure 6-4 Full Life Cycle Costs Recovered from Customers 
during Operations 
Full Life Cycle Costs 
7 —— ; 5 
: 30 
: at 
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: Figure 6-§ Accounting Unit Energy Cost* of a Nuclear Station : When expressed in escalated dollars, the | 


in Escalated Dollars : AUEC generally shows an upward trend with 

80 : time as some of its components are influenced : 

70 i by inflation. This is shown for a nuclear station 

. : in Figure 6-5. Figure 6-6 shows the same AUEC 
g 60 : expressed in constant 1989 dollars. In this 
: 50 : case the AUEC in the first year is the highest, | 
= | it declines to half this initial value in about 
7 m ten years, and declines further for most of 
= 30 : the life of the station. The increase in AUEC | 
5 20 : around 2030 is due to the planned retubing : 
: and major rehabilitation of the reactors. 

10 - AUEGsare primarily used to indicate how 

, | various options will affect customer rates. But : 
2002 oni? 9022 2032 2042 : when comparing the corporate financial impacts 

Year : of plans, full simulations of the whole system : 

are carried out to determine electricity prices, 

“Direct and allocated costs for existing site : borrowing levels, and various other financial : 


: indicators, all of which are considered in : 
i decision making. 


Figure 6-6 Accounting Unit Energy Cost* of a Nuclear Station Direct a Allocated Costs vs System 
in 1989 Dollars : Expansion Costs 


In the development and implementation of 
options and plans, there are costs that are 
clearly identified as direct costs of each project 
and common costs that must be shared amongst 
several projects. In accounting for costs it is 
clear that there must be a comprehensive ‘ 
method of allocating costs so that they can 
be recovered. However, economic analysis is 
concerned not with the recovery of costs but 


— 
o 


Cents/kWh — 1989 Dollars 


eo wo fF a Oo ~S CO CO 


: with incremental costs. Most businesses includ- ; 
ing Ontario Hydro distinguish between these : 
two. Accounting costs are done on a Direct 
& Allocated (D&A) basis. Economic analysis 
is done on a System Expansion (SE) basis. 
For instance, there is an integrated program 
*Direct and allocated costs for existing site of producing, up-grading and de-tritiating heavy 
water for Ontario Hydro’s nuclear program. | 
The costs of this program must be shared 
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Planning must recognize inflation. What cost $1.00 
in 1989 will cost $1.68 in the year 2000. 


: between existing and future nuclear stations, : 


: and between today’s and future customers. 


: A cost estimate which includes a full share 
' of common costs is called the “direct and : 


: allocated cost.” 


For such programs Hydro has already spent 7 
: money on facilities which will be used for all 
stations, old and new. These facilities may 
: have to be used harder in the future to serve 
additional stations, at extra expense; but no 
- further capital expenditures will be required. 
, In such cases the incremental cost of a new 
station will be different from the direct and 
: allocated cost of the shared program. Economic 
evaluations on expanding the system must 
- be based on the incremental costs. Therefore, 
a separate cost estimate is prepared for “system 
expansion” purposes and this includes only 3 
the direct costs and the incremental costs of 
| and accepted by them. 
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shared programs. It excludes sunk costs or 
fixed & committed costs. 


Direct & Allocated = Direct +Part of 
(Sunk +Committed + 


Incremental) 


System Expansion = Direct + Incremental 


The SE cost of a new nuclear station is 
about 85% of the D&A cost. Most components : 


differ only slightly, but the SE and D&A costs 


of heavy water and uranium are significantly 


different. 
SE costs are used in economic evaluations 


while D&A costs are used for accounting : 


practices and for estimating rate impacts. 


This differentiation was made in presen- : 
tations to the Ontario Nuclear Cost Inquiry : 
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| Present Values 
Different demand and supply options will have : 
: different electricity reduction or production 
patterns and service lives. Because of this, 
: each option and each demand/supply plan 
will have its own schedule of expenditures. 
One may be expensive to build but cheap to 3 
run compared to another which costs less to 
install but has high annual operating costs. 
It is therefore necessary to have an evaluation 
| = technique that allows comparison of options | 
with different expenditure patterns. : 
The standard way to compare different pat- 
| terns of expenditures is the present value tech- 
nique otherwise known as the discounted cash : 
flow technique. The accumulated present value : 
of a project is a single cost that captures the 
full life cycle cost of that project. Tomorrow's 
cash expenditure is less valuable than today’s, 
not only because of inflation, but also because 
cash today can be invested to earn a return 
for future uses. The expenditures in future 
years are discounted to a common year using 
: a discount factor derived from Ontario Hydro’s 
corporate financial discount rate. In this report 
the common year for present values is 1989. : 


Expenditure 


Present Value = ——————_—_ 
Discount factor 


The cumulative present value is the sum | 
: of the individual present values. 


The Discount Factor 


The discount factor is given by the formula : 


D=(1+i)}t 


> 30 


: 35 


a: 


6} 
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: : where iis the discount rate and t the number : 


of years. 


Figure 6-7 Ontario Hydro Corporate Financial Discount Rate 
(CFDR) Computation 


Example only 


Debt capital share = 83% 

Debt capital rate = 10% 

Other capital!* share = 17% 

Equity rate = 13.4 % 

CFDR = 0.83 x 0.1 + 0.17 x 0,134 = 10.52% 
CFDR is rounded to 10.5% 

CPI for the year = 5% 

Real CFDR = 10.5 - 5.0 = 5.5% 


*Other capital includes reserves for debt retirement and rate stabilization. 


Figure 6-8 Levilized Unit Energy Cost of a Nuclear Station 
in Escalated Dollars 


LUEC* 
AUEC* 


Cents/kWh — Dollars of year 


“Direct and allocated costs for existing site 
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The discount rate represents a weighted 


average of the cost of debt and other capital 
(reserves for debt retirement and rate stabi- 
lization). The interest rate (cost of debt) used 
in determining the discount rate is the forecast 
average cost of Hydro debt. The cost of other 
capital is estimated to be higher than the cost 
of debt capital. Figure 6-7 shows an example 
of how Hydro’s corporate financial discount 
: rate is calculated. 


The discount rate varies depending on : 


whether one is working in escalated or real : 
dollars. When working in escalated dollars 
the discount rate is projected to be, for the 
| period 1989-2014, in the range of 10.25% to | 
11.75%. The ‘real terms’ discount rate is in 
the range 4.5 to 5.75%. 


The evaluations of the individual options | 


were developed in early 1989. Since then there 
have been some changes including a charge 
by the government of 0.5% for the provincial 
guarantee of Hydro’s debt. Sensitivity analysis 
shows that the effect of these changes on the 
choice of options and plans is very small. 


The present value technique allows com- : 


parison of two options that do the same job 
but have expenditure patterns that are different 
over their lives. The option with the lowest 
accumulated present value cost will result in 
lowest costs to customers over the long term. : 


Levelization ~ Options 
Comparison of options of different sizes is 
facilitated by using the unit cost of producing 
electricity. However size is not the only thing 
that is different between options. Costs, such 
as the AUEC shown in Figure 6-4, vary from 
year to year. Options also have different lives. 


Levelization allows comparison of options 
: despite these differences. 

| The simplest way of levelizing is to take 
: the average, but this ignores the time value 


: Ontario Hydro levelizes its costs by an annuity 


: annual real installments over the operating 
life of the option in such a way as to give the 
same cumulative present value as the original 2 
expenditures. This allows a meaningful average 
to be obtained. It allows comparison of options 
with different patterns of expenditures and 


: ‘different service lives. 


The levelized unit energy cost (LUEC) is 
: asingle number expressed in cents per kWh. : 


: Itisindicative of an option’s long term costs. 
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The LUEC can be expressed both ona Direct : 
| & Allocated (D&A) basis and on a System | 
Expansion (SE) basis. LUECs of different : 
: options are comparable providing those options 
: of money, explained in the previous section. are used for the same role in the system. 
| Figures 6-8 and 6-9 show the levelized unit 


: method. This involves allocating costs in equal 


energy cost of a nuclear station together with 
the previously shown AUEC. 
The LUEC (D&A) and AUEC (D&A) rep- 


resent the same costs over the lifetimes of : 
the options. AUECs can be seen to start higher : 
but end lower than LUECs. The constant dollar 


LUEC is the one number that characterizes 


the options lifecycle cost. 


' long term electricity production cost of that | 
: option. It provides a simple comparison of : 
: supply options for planning purposes. The : 


Figure 6-9 Levilized Unit Energy Cost of a Nuclear Station 
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“Direct and allocated costs for existing site 
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LUECs quoted in this report are generally : 


on an SE basis. 


With regard to LUECs the Ontario Nuclear | 


Cost Inquiry (ONCI) found: 


“The levelized unit energy cost (LUEC) 
: methodology provides an appropriate means 
of reducing the total lifetime costs of a nuclear 
generating station to a single value for use 
in making comparisons with other options.” : 
| “The Hydro methodology is consistent with 
methodologies used by the United States 
Department of Energy (DOE), the Electric | 
: Power Research Institute (EPRI), Electricite 
de France (EDF), the International Union : 

The LUEC (SE) ofa future option in 1989 : 
dollars is an appropriate indication of the 


of Producers and Distributors of Electrical 
Energy (UNIPEDE), The Organization for 
Economic Cooperation and Development : 
(OECD), and the International Atomic : 
Energy Agency (IAEA). Thus, the method is 
: internationally recognized and used.” 


Allocation of Costs to a Plan 
| Study Period 
Economic analysis of demand/supply plans : 
is concerned with cost evaluation, not just 
over a study period, but over the long term. 
However, the practicalities of analysis make 
it necessary to compare the performance of 
the plans over a specified period of time. This 
: plan spans 25 years, 1990-2014. This planning 
period is shorter than the life of some options. 
Some plans will introduce options that have 
useful lives of 40 years or longer. Hydraulic : 
generating stations, for instance, may have 
useful production lives of 90 years or more. 
While the benefits of this type of option begin : 
during the planning period, they continue 
well beyond the 25 year planning horizon. 
On the other hand, because most of the 
station’s cost occurs during construction, most 
of the life cycle costs occur during the first | 


25 


36: ; 
: For each alternative plan, the costs are allocated 
to the 25 year planning period, present valued : 
and compared. In some instances, this method 
does not bring out the cost implications of 
decisions in the plan which extend long after 
the end of the planning period. Decisions 
which have small benefits within the planning 
period may have large benefits beyond the 
planning period. 
For example, consider a choice between 
a 40-year lifetime base load nuclear station 
which has a 25% lower levelized unit energy 
cost than the same sized 40-year coal-fueled : 
station. Let us assume one plan specifies a 
: coal fueled station and an alternative plan 
specifies a nuclear station to meet the base 


' 8 to 4 years of its life cycle and that is within 
the 25 year study period. It would be incon 
sis-tent to look at all the costs and only part 
of the benefits. 

| This inconsistency can be solved by using : 
levelization to allocate the costs to each year 
: of the option’s life. For a nuclear station this | 
| isillustrated in Figure 6-10. The real levelized 
cost of the Capital and OM&A cost of a nuclear 
unit expressed in constant 1989 dollars is about 
: $200 million per year. This includes the costs : 
of retubing and post operation costs. Ifa nuclear 
unit becomes fully operational by the end of 


i period. By present valuing the allocated costs : 
of all options in a plan, one integrated 
demand/supply plan can be compared with 
another of a different composition. 


Long Term Costs 
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load requirement starting in 2010. The case 
with nuclear station will show up as having 
lower costs in the 25 year planning period. 
However, only a small part, approximately 25%, 


of the benefit will show up in the comparison 


of the plans which end at 2014. 


This report makes plan comparisons for 


the 25 year plan period. In addition, the cost 


are also made using two methods. 


years to show the longer term implications. 
2002, then it contributes 12 years of operation : 
: during the study period (2003-2014 inclusive). 
The capital and OM&A costs allocated to the 
study period are 12 annual payments of $200 
' million. These include an appropriate pro- : 
portion of the costs in years beyond the study 7 


The plan cost estimates are extended into 


period and assuming that these differences 
continue unchanged beyond the planning 


2014 without being reduced or increased by 7 
subsequent planning decisions. 
The second method used is to compare 


: the lifetime costs of option choices based on : 
: their levelized unit energy costs. 


To continue with the above example, using 


| the LUEC method, and an 80% ACF, the life- | 
: time present value cost saving ofa 4 X 881 MW 
implications beyond the end of the period : 


Candu station over an equivalent conventional : 


steam cycle US coal-fueled station is 0.8 cents 
One method used is to extend the plan 
cost comparisons by ten, twenty and thirty 
' $1.25 billion if present valued to 1989, of 
: which only $313 million is allocated to the 
: the future by estimating the differences in | : 
the plans in the last year within the planning 
: Uncertainty - Expected Costs 
It is also necessary for cost evaluations to rec- 
period. The implication of this assumption : : 
is that plan differences in 2014 extend beyond 


per kWh, or $3.6 billion present valued to 
the in-service year 2010. This saving is : 


planning period. 


ognize and deal with the uncertainties that : 
are inherent in the future. Uncertainty intro- : 


Figure 6-10 Allocation of Levelized Costs to the Study Period 


operating phase 


Annual levelized costs ($1989) = $200 million 


Nuclear Unit Life Cycte Costs 


Acquisitior Noeratio 


Life cycle costs are levelized over the 40 year 
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~ 25 year study period 1989-2014 > 


1989 


2003 Fa 2014 


12 of the 40 years of operation occur during 
the study period. 
Costs allocated to study period are 12 annual 
installments of $200 million 


2044 ; 2083 
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: duces financial risks into the planning pro- 
: cess. Minimizing risks generally results in an 
increase in costs, and minimizing costs often 
increases risks. One of the tools used by decision 
makers to balance risks with costs is the 
“expected cost” concept. The goal is to minimize 
the long term costs of decisions, recognizing 
uncertainties in the way the future may unfold. 3 
In mathematical terms, the expected cost 
: of a plan is the sum of all outcomes of the 
cost of a plan multiplied by the probability 


: of the outcome. 


Expected Cost = 

Cost(outcome 1) x Probability (outcome 1) 
+ Cost(outcome 2) x Probability (outcome 2) 
ast 


+ Cost(outcome-n) x Probability (outcome n) 


: Let us consider an example, as shown in : 
Figure 6-10. For the upper forecast the plan 
' costs $30 billion, for the median forecast the 
plan costs $20 billion, and for the lower forecast 
- itcosts $15 billion. Let us further assume that 
"the probability of the upper, median and lower 
forecasts are 25%, 50%, and 25% respectively. 
- The computation of the expected cost is $21.25 


- billion as illustrated in Figure 6-11. 


: The method is extended to account for un- 
certainties in fuel costs, construction costs and 
interest rates. The expected costs of plans have 
; been determined and are shown in Chapter 15. 


Social and Environmental Costs 
: and Benefits 


Costs are incurred by Hydro to mitigate social | 
and environmental impacts associated with : 
the supply and delivery of power. There are 
: other social and environmental] costs and 
benefits for the community, which are not 
: management will help minimize the use of coal. 
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Figure 6-11 Expected Cost Concept for Evaluating Demand/Supply Plans 


The Lambton station near Sarnia. Demand 
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Probahlity of A 
ieoennroenh Cost of plan in upper growth 
Prabablity of 

median growth 


Cost of plan in median growth 


Probablity of 
lower growth 


Cost of plan in lower growth 


$30 billion 
$20 billion 
$15 billion 


1 35 
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Figure 6~12 Avoided Cost Determination 


Purchase NUG > 


DM option g 


reflected in costs incurred directly by Hydro. 
These external costs and benefits are discussed 
below. Even when a monetary impact can be 
estimated; there is an issue as to whether, and 
how, these cost effects should be included in 
comparisons of options and in the estimation 
: of avoided costs. : Social and Environmental Costs Incurred 
The analysis conducted in the development 
of the Demand/Supply Plans includes those 
: costs which are borne directly by Hydro. It 
is these costs which can properly be included 
in Hydro’s rates. Costs and benefits for the 
Ontario community, beyond these direct costs, 
are not factored into the cost comparisons. 
' Ontario Hydro adopts measures necessary : 
to meet all environmental regulations that 
affect the design, construction and operation 
of its facilities. As a part of good engineering 
practice, and to showa leadership role, Ontario 


: reduce environmental impact. The costs : 
: of all these measures are included in capital : 


Future reference 
system-production 


| 


Avoided cost 


| 


Avoided cost 


: and operating costs as appropriate, and are 


Hydro also makes payments to communities : 
to mitigate the social impact of Hydro’s con- : 


struction activities, 


Directly by Hydro 


The costs Hydro incurs to mitigate social and 
environmental effects amount to many hundreds 
of millions of dollars per year. Some of these 
costs are dictated by regulation, for example, 
acid gas emission regulations. Hydro has just 
committed the construction of flue gas desul- 
phurization equipment for two 500 MW units 
at Lambton at a cost of $450 million. Other 
costs are for steps which go beyond regulatory 
requirements. For example, 


an annual extra cost of $100 million. 
* Nuclear stations include systems that reduce 
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the radioactivity emission to a small percentage 
: of the regulated limits. : 


In addition, Hydro makes payments to mu- 


nicipalities to mitigate the social impact of : 
Hydro’s activities in areas where Hydro has 
major projects. These payments are negotiated 
with the affected community during the 
site selection and project approval process. 
For the Bruce Nuclear Power Development 
the impact payments to Bruce Township have 
amounted to $1.2 million from 1981 to 
present, and about $1.2 million annually to 
nine area municipalities. This is in addi- 
tion to normal grants in lieu of taxes. Hydro 
also makes payments to the general reserve 
fund of other levels of governments as 
required, for example, water rentals for 
hydraulic energy and debt guarantee charges 
to the Province. These payments are included 
in the general revenues of the Province, and 
passed on to customers through rates. 2 


help support government programs. 
Expenses are also incurred to mitigate : 
the effects of transmission and distribution : 


i facilities. Special transmission towers are 
used to run high voltage lines through built 
up communities. Hand-cutting and other 
higher cost methods of vegetation control 


are being substituted for herbicides on 
rights-of-way. 

These examples are only some of the costs 
of reducing and mitigating social and envi- 
ronmental impacts. Although not easily seg~ 
regated, many other costs of this type have 
become part of the normal good engineering 
and business practice that is followed in the 
design, construction, operation and decom- 


: missioning of Hydro’s system. All of these 
: ¢ Hydro has been buying low sulphur coal at : 
: Hydro also adopts many other measures to | 


costs are appropriate business costs and are : 


: included in the cost estimates of Hydro’s options, 
i Hydro’s rates for selling electricity and Hydro’s : 
: avoided costs. 


2 Social and Environmental Costs and 
: Benefits External to Hydro 


: are still social and environmental effects which 
: result from Hydro’s activities. These effects 


: Examples might include acid gas emissions 
within the regulations, flooding of land for 
hydraulic stations, and small increases in 
water temperatures around nuclear and fossil 
fueled stations. However, the effects can also 
be positive; for example, the control of rivers 
to permit navigation and prevent flooding, 
the creation of parks, and increased economic 


: activity and employment. There is some question 


as to whether these costs and benefits should 
: be included in cost evaluations. Even if desirable, 
these costs and benefits are difficult to esti- 
mate in monetary terms given the diffuse : 
' nature of the impacts and the wide variety 
mated social and evnironmental costs are 
0.04 cents/kWh. This estimate was reviewed 
by the National Energy Board in 1981 at 7 
their last hearing on Hydro’s licence to export 
to the U.S. The estimate will be revised for 
: the application for renewal of Hydro’s licence 
: in 1991. This cost is added to the price of | 

; in this report include the following: 

* the costs of ensuring high standards of envi- 

ronmental performance are included for all 


of effects. 


Some impacts can be treated in cost eval- 
uation as either internal or external costs. 7 
| For example, the effect of acid gas emis- | 
sions due to increased coal burning can be 


i accounted for: 


: # as an external cost by assuming that acid 
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: gas emissions increase with a resulting cost 
1 to society; or, 
: Apart from the costs incurred by Hydro, there : 


* as an internal cost by assuming that acid 


cost to Hydro. 


For avoided cost calculations, Hydro adopts 
the second approach and internalizes the costs : 


of mitigating acid gas emissions. 


Social and Environmental Costs Applied 
to Exports 


‘Under the National Energy Board regulations, 


which electricity is exported recovers all the 
costs in Canada including any identifiable social 
and environmental costs. These costs specifically 
address the impacts of emissions including 
Accordingly, it would be extremely difficult 


impacts on human health, building materials, 


and terrestrial ecosystems. At present the esti- : 


Figure 6-13 Cost and Value of Options 
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: Hydro’s exports and the resulting revenue 
benefits Ontario customers through lower 
electricity rates. | 
i gas emissions are held level by taking addi- 
tional control measures — with a resulting 
: can be negative and thereby imply a cost. 


Social and Environmental Costs 


: Application to Avoided Costs : 
The avoided costs that Hydro uses include 
the social and environmental costs incurred 
: by Hydro but do not include social and | 
environmental costs and benefits external to 
Hydro. This reflects normal business practise. 
In Hydro’s judgement, including additional 
costs and benefits on an equitable basis would 
Hydro is required to show that the price at be impracticable. For example, the social and 
environmental costs and benefits of NUG 
options and such options as the purchase from 
other utilities will be very dependent upon : 
the technology employed and the sites involved. : 


to estimate the differences in such costs and 
benefits between Ontario Hydro projects and : 


other projects. 


Social and Environmental Costs 
in this Report 


The way in which social and environmental : 
costs, benefits, and other effects are reflected | 


new options. These costs and environmental 
effects are discussed in Chapter 14 for major 
_ supply options; : 
* avoided cost calculations include social and 
environmental costs incurred by Hydro, includ- 
: ing the cost of ensuring no increase in acid ‘ 
gas emissions resulting from incremental 
coal use; : 
* the chapters relating to demand management, 
NUGs and hydraulic generation include con- 


35 


a 


35 


sideration of social and environmental effects; 
* effects of the major supply plans are discussed 
qualitatively in Chapter 15; 
* social effects of the plans include the effects 
on acid gas emissions, carbon dioxide, solid 
waste, radioactivity, and are discussed in 
Chapter 15, 
* environmental effects of the plans include 
7 the effects on acid gas emissions, carbon dioxide, 


: mental costs, benefits and effects is included 
: in the environmental analysis document. 


AVOIDED COSTS 


| Concept and Application 
In Chapter 5, the discussion focused on 
Ontario’s need to develop additional demand 
and supply options. In the remainder of this 
chapter, the discussion turns to a costing method 
that allows Ontario Hydro to integrate demand 
management and non-utility generation oppor- 
tunities with the utility’s future supply plans. 
i OA primary objective of Ontario Hydro’s 
/ be avoided. 
Ontario Hydro calculates avoided costs as 
and demand management in the plan is : 


integrated planning process is the maintenance 
of Ontario’s electricity supply and price advan- | 
tages for the future benefit of all customers. 
Many factors will help determine Hydro’s success 
in doing so, but chief among them will be its 
success in developing the full economic potential 


of all available options: demand management, : would raise the price of electricity for provincial 


non-utility generation, and new supply. 


: The primary method used by Hydro to estab- 
lish the economic value of demand management 
and non-utility generation is the avoided cost 
concept. By calculating Ontario Hydro’s avoided 
costs, the costs and benefits of various demand 
| be able to encourage or capture all of the 
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: Managementand non-utility generation projects 
: can be compared with alternative supply options. 


Avoided cost is defined as the supply costs 
which are avoided when any demand or supply 


; Option is substituted for an equivalent part : 
: of a demand/supply plan. 


To determine the avoided costs of an option 


it is necessary to have a reference system that 
would be developed in the absence of the 
solid waste, radioactivity, and are discussed 
in Chapter 15. 
| Further discussion of social and environ- 


option in question. 
The reference system is divided into two 


same way as was discussed in the section on 
Total Customer Cost. When a NUG option is 
| added to the production system, it adds to 
the capacity and energy capability of the future 
reference system. 
| To meet the same load some parts of the 
reference system will nowno longer be necessary 
and can be avoided. The avoided cost of the 
option is the cumulative present value of the 
costs of the parts of the reference system that 


are avoided. 


In a similar way, when a demand manage- 
ment option is added to the utilization system, 
it reduces the demand on the production system 
and some of the production system costs can 
estimate is significantly higher than the original : 


accurately as possible because estimates above 


: or below the utility’s true avoided costs would : 


result in adverse impacts on customers. 


By over-estimating its avoided costs, Hydro : 


: consumers by encouraging the development : 
of options that are more expensive than major : 
: Determining Avoided Cost Values for 


supply options. 


By under-estimating its avoided costs, the 
full economic potential of these options would : 
remain unrealized because Hydro would not : 
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available economic opportunities. In this 
: instance, Hydro could find itself making a 
: larger commitment to new supply options than 
was actually required or necessary. 
| Inaddition to helping Hydro estimate the 
: potential and value for non-utility generation 
and demand management, avoided cost 
calculations are used by Hydro to evaluate 
: a number of internal design and operating 
decisions including for example screening 
its hydraulic potential. 
sections, production and utilization in the 
Establishing Avoided Costs 
Avoided costs can be established by making 
' anumber of interactive or repetitive calculations. 
An estimate of avoided costs is made based : 
on previous planning experience and current 
estimates of economic supply options — and 
then used to determine the potential for demand : 
management and non-utility generation. Once 
these estimates have been made, decisions 
can be made on the amount of new supply 
: options to include in future development plans. 
Once a supply plan has been identified, 
anew avoided cost estimate can be determined 
based on that plan. This estimate is then com- : 
pared with the original estimate. If the new 


estimate, the amount of non-utility generation 


increased. If the estimates are lower, the reverse : 
holds true. 
The calculations are repeated until a con- 
vergence occurs. This generally takes place 


within a few iterations. 


Demand Management and NUGs 


in calculating the avoided cost value of demand : 
management and non-utility generation, : 


20 


: 
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Figure 6-13 Establishing Avoided Costs 


Hydro considers how each project will affect : 


: the operation of the province’s power system. 


The avoided costs of options vary with the 
: timing of delivery, dispatchability, reliability, 
: life and location. This section will address : 


: these issues. 


Timing and Dispatchability 


: ‘Ontario Hydro’s avoided costs vary with the 
: timing of the delivery. Avoided costs for an 
: option that is capable of delivering power during : 


: peak demand periods will be higher than one 


: low demand periods, as it saves higher priced 
: fuels and the construction of additional 
: generation and transmission facilities. 


: To maintain system reliability, Hydro must 
: exactly match the amount of generation ; 
: producing power with customers’ electricity 


requirements as it varies minute by minute, 
: day in and day out throughout the year. 
Dispatchability is the ability of the Ontario 
Hydro control centre to control the time at 
: Life 
Another factor which affects an option’s avoided 
cost is the life of the project. The longer the 


which an option produces power. For instance, 


for a NUG which can only operate at low annual 
' capacity factor (ACF), say 10%, but can produce 
: its energy at times requested by Hydro’s system : 
control centre for the hours when Hydro most | 


needs the capacity, the unit energy avoided 


purely dictated by the NUGs own concerns. 
: Avoided costs will vary with the dispatchability 
: of non-utility generation because dispatcha- } 
bility permits Hydro to plan and operate its 
: This value of the timing of energy production 
is also the reason for the value of dispatchability. : 


system better. 


plant affects its value and is a function of the 
site characteristics and the design of the facility. 
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The value of hydraulic projects increases when 
water storage is possible, because this provides 
controllable peaking capability. The larger 
and more flexible this storage capability is, 
the more valuable it is. In effect, it is more 
dispatchable. These factors must be taken into 
account in evaluating the avoided cost of pro- 
posed hydraulic plant whether developed by 
: Hydro or a NUG. 


. Reliability 3 
Different NUGs and demand management pro- 
grams will also have different degrees of reli- 
: ability. A demand management program or 
: NUG thathasa high probability of being avail- | 
able at times of capacity shortage has a higher 
value than those that are less dependable. 
This is because Hydro’s supply capability can 
be reduced more for dependable programs 
than less dependable ones. For example, a 
NUG would have a lower avoided cost if it 
had a lower probability of being available 


because of equipment breakdowns. 


life of an option, the more energy it produces 
and its avoided cost in cumulative present 
: value terms is higher. 
cost is likely 2 to 3 times higher than that for 

: a similar NUG whose energy production is : 
_ that is only capable of delivering power at : 


: Location 
The location of a non-utility or hydraulic gen- 
eration project will also affect its avoided cost. 


Ifa NUG is located in a region of the province 


that does not have adequate generation to | 
meet demand, the project will enable Hydro 
The pattern of production from a hydraulic to reduce the cost of transmitting power into 
that region. The avoided cost for this project 
will therefore be higher than a project located 


: in an area with adequate generation. 


i 5 


: 30 


} 36 
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:  Fordemand management options, savings 
to the transmission and the distribution systems 
: may be possible asa result of efficiency improve- 
ments. While individual electrical efficiency 
improvements may or may not affect the cost - 
of local distribution. The net effect on average 
for a program that is implemented across the | 
' province will likely be a reduction in distribution 
and transmission costs. A credit is therefore 
: applied based on the average effect. 


Current Estimates of Avoided Cost 
' Avoided costs, as described in the previous : 
section, are very option-dependent. This section = 
looks at specific examples. The determination 
of these costs is described in Chapter 16. 3 
Figure 6-14 shows the calculated expected | 
' avoided costs for five examples based on the 3 
proposed plan: three non-utility generators; 
: ahydraulic scheme; and ademand management 
option. The values are presented in two ways: - 
cumulative present value dollars per kilowatt, : 
and cents per kilowatt-hour produced or saved. ; 
The values are presented in constant 1989 
dollars, These are alternative ways of presenting - 
the costs, they are not additive. 
The three non-utility generators are assumed 
to be dispatchable and connected to the bulk | 
transmission system, and to operate from 1994 
0.2014, at 80% , 40% & 10% ACF respectively. 
: They are 90% reliable. It can be seen that — 
: the high ACF avoided cost (3.4 cents/kWh) 
is comparable to the LUEC for nuclear shown - 
' in Figure 6-14. This comparison is valid as | 
nuclear is operating at the same capacity factor 
: in the same base load role. It can also be noted — 
that while the unit energy price increases for : 
low capacity factor operation, the value mea- 
sured in dollars per kilowatt installed, decreases. - 
This reflects the fact that while the energy 
produced may be more valuable, there is less 
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Figure 6-14 Examples of Avoided Costs 


1989 dollars 


Non-Utility Generator (1994-2014) 

80% ACF 

40% ACF 

10% ACF 

Hydraulic 

Niagara River development 

Demand Management 

(Thermal Envelope Upgrade, 2000-2040) 


* Numbers in brackets assume non-dispatchability 


$/kW cents/kWh 
2920 (2720}* 3.4(3.2) 
1980 {1360} 4.6(3.2) 
1080 ( 340) 10.0(3.2) 
2830 5.3 
2380 6.9 


Note: cents/kWh and $/kW are alternative ways of presenting the costs, they are not additive. 


of it. Also shown in parenthesis are the values : 
! 3.2 to 10.0 cents/kWh or $340 to $2920/kW, | 
depending chiefly on capacity factor, life, 
and dispatchability. : 

The hydraulic example is the Niagara river 
development. It has a life of 90 years and a : 
"net capacity of 550 MW. It has limited storage 
and is dispatchable on a daily basis. The cost- 
value comparison of this and other hydraulic 
- projects is shown in Chapter 12. 
The demand management option isa ther- : 


assuming the projects are not dispatchable. 


: It can be seen that the avoided cost is less 


than if the energy had been dispatchable. 


- mal envelope upgrade to be done in 2000 
_ and good for 40 years, It saves 3.52 kW of : 
customer load on the coldest winter day and 


11,150 kWh of load per year. The avoided 


the insulation produces most savings in the 


heating season. 
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It will be seen that the values range from 


Summary 
The costing concepts described in this chapter 
has been applied consistently to evaluate options 


.and plans in many chapters of this report. 


The avoided costs described at the end of | 
this chapter are based on analysis of the 
proposed plan using the present value, lev- 
elization, allocation, and system expansion 
concepts described earlier in this chapter. 


Avoided costs are used to establish the | 
cost includes transmission and distribution : 
credit. The avoided cost also includes credit 
for the energy being saved in the winter because 


contribution of demand management 
(Chapter 7), NUGs (Chapter 8) and hydraulic 
(Chapter 12). : 

Chapter 15 includes an economic cost anal- : 


: ysis of the planning cases on an economic : 
: basis as well as a financial analysis ona direct : 
: and allocated basis. = 
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Chapter 8 
The Non-utility 
Generation 
Plan 


Chapter 9 
The Primary 
and Firm 
Load Forecasts 


Chapter 10 
Rehabilitation 
Plan 


Chapter 11 
Requirement for 
New Supply 
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Chapter 12 Chapter 13 Chapter 14 
The Hydraulic Requirement for Major Supply 
Plan Major Supply Options 
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Chapter 15 Chapter 16 Chapter 17 
Major Supply Avoided Cost Demand/Supply 
Plans Determination Plans 


7 THE DEMAND MANAGEMENT PLAN 


Demand management consists of measures taken by 


Ontario Hydro and municipal utilities to influence the amount 


and timing of customer electricity demand. Some 


demand management programs have been around for many years. 


These include interruptible rates for customers 
(primarily industrial) willing to reduce load 
in the event of system shortages, as well as 
: information programs to encourage more 
efficient energy use. Other programs are new 
3 - for example, an incentive program for high 
- efficiency commercial lighting designed to 
; reduce demand, and time-of-use rates designed 
to shift electricity use to off-peak periods. 


This Chapter describes Hydro’s demand 


| = Concepts - understanding how demand : 
: management works; 
: m Opportunities - the potential of demand 
management in Ontario; 

m Plan - programs and expected results. 


_ shifting, and peak clipping. The expected results 
3 of Hydro’s Demand Management Plan compare 
favourably with the experience and targets 
of other North American utilities active in 
this area. : 


_ Hydro’s Commitment to 
- Demand Management 

' Economic demand management is given top 
priority in the Demand/Supply Planning | 
Strategy and is an integral part of the 


: Demand/Supply Plan to meet future customer 
' needs. Hydro is committed to aggressively pursue 
2 opportunities to reduce or shift demand that 
is in the customers’ interest and will keep : 
: Total Customer Costs low, using techniques 
? that generate customer support. Through reduc- 
ing growth in demand, Hydro will be able to 
reduce the requirement to build new supply 
facilities, reduce the consumption of coal, : 
: oil and gas, and reduce the environmental : 
management activities from three perspectives: ; 


effects of electricity supply. 


The Energy Management Branch was estab- 
: lished to focus efforts on the development : 
and delivery of demand management programs, 
An ambitious demand management plan has : 
been formulated and some programs are already 
Hydro’s Demand Management Plan empha- 
sizes three main areas: load reduction, load 


under way. This plan will evolve as customers’ 
needs change and as Hydro and customers 
gain experience with programs. Hydro’s goal 
is to achieve the maximum attainable load 
growth reduction from economic demand 


management. 


Hydro plans to spend about 1 billion dollars 
"on demand management programs by 1994 | 
and projects that three billion will be spent 
: to the year 2000. These expenditures are 3 
: expected to result in a cost effective demand 
reductions of 3,000 MW and 10 TWh in the | 
year 2000. This plan projects cost effective 
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Chapter 18 
Action Plans 


i demand management reductions of over 
- 4800 MW and 17 TWh in 2014. In keeping | 


: with the goal to achieve the maximum attainable 
' load growth reduction, the planned reductions 
: to 2014 do not represent a ceiling. 


: It will require the substantial support of the 


: Ministry of Energy, electrical contractors, man- | 
ufacturers, distributors, builders, etc. The most 
critical requirement is for the support and - 
commitment ofits partners in the distribution — 
: of electricity in Ontario - the municipal electrical 
utilities and the association that represents 
them, the Municipal Electrical Association 2 
(MEA). Since the municipal utilities deliver | 
: electricity to over 75% of the end use electricity | 
customers, their support is essential. The MEA 
_ and individual utilities have given a strong | 


: endorsement to demand side management 


: and their continuing support is a fundamental : 
- premise upon which those plans are based. — 
_ There will need to be continuing involvement . 
and participation with the municipal utilities 
: and the MEA throughout the planning period _ 
if the demand management targets are to 


be achieved. 


_ DEMAND MANAGEMENT CONCEPTS 


: Types of Demand Management 


' It is common in North America to classify 
' utility efforts to influence electrical demand | 


in five categories: 
| Load Reduction 
- © Load Shifting 

: * Peak Clipping 

: @ Valley Filling 

_ © Load Building 
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Ontario Hydro’s demand management pro- 
grams are designed to maximize customer 
satisfaction through using electricity more 
efficiently. Programs that reduce customers’ 


- energy bills, improve comfort or productivity, 
Ontario Hydro will not be able to deliver : 
' its demand management targets on its own. | 


& 


An ambitious demand 
managment plan has been 
formulated and some programs 
are already underway. This 
plan will evolve as customers’ 
needs change and as Hydro and 
customers gain experience with 
programs. Hydro’s goal is to 
achieve the maximum 
attainable load growth 
reduction from economic 


demand management. 
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or have environmental benefits for the customer, 3 
can, in some cases, build load. Hydro has no 
' programs whose objective is to build load. 3 
* Load Reduction is achieved primarily through 
: improvements in the efficiency of electricity : 
_ use. These measures reduce the amount of : 
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: electricity required to satisfy a customer’s need, 
' for example, the substitution of high efficiency | 
: lamps for lower efficiency lamps. 
Load Shifting reduces system peak demand 
by shifting some electricity demand from high- 
use to low-use periods. This can be achieved 
through direct control of customer loads and 
: indirectly by special rate and financial incentives : 
to reduce use of electricity during peak hours. i 
Although load shifting reduces the need for - 
peaking capacity, itdoes not normally reduce 
- the overall consumption of electrical energy. 
An example of load shifting through direct 
control is the use of large capacity water heaters 
: controlled by the utility to consume electricity ; 
: at off-peak times only. : 
* Peak Clipping can also be achieved in a number : 
of ways. One of the most important of these : 
is Capacity Interruptible Load contracts with : 
customers who, in return for reduced rates, 
agree to curtail their consumption of electricity 
upon request to help the utility deal with periods : 
when system demand is about to exceed the 
utility's ability to supply. : 
ie Valley Filling seeks to encourage the growth 
of customer loads during the off-peak hours ° 
: (“valleys”). This levels the demand on the supply | 
system and increases the efficiency of utility 
investment in generation and delivery facilities, 2 
* Load Building seeks to encourage consump- 
tion of electricity during both peak and off- 
' peak hours. For example, load building 
programs can use special rates to attract new 
industry or to encourage existing customers 
to switch from other fuels to electricity. 
The various effects on daily load shape 


are illustrated in Figure 7-1 


; While Ontario Hydro’s Demand Man- : 
_ agement Plan has no load building objectives, : 


20 


35 


20 


: Hydro’s Research Division provides advice to | 
' customers about efficientelectric technologies. 
: This service may result in some load building. — 
| These activities support the objective - 
of helping electricity customers increase 
their energy efficiency, productivity, and 
competitiveness. 
Because of the central role of electrical | 
: efficiency improvements in the Demand | 
Management Plan, the remainder of this section ; 
- is devoted to a description of the concepts | 
_ underlying this aspect of demand management. 
Many of the program ideas developed in this 
: area are also useful in understanding other 
areas of demand management. - 1s to satisfy customers’ needs for electric services 
- An Overview of Electrical 
_ Efficiency Improvements 
The single most important way to reduce elec- 
"tricity demand is to improve the efficiency — 
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Demand Management Objectives 


Load Reduction 
Load Shifting 


_ Peak Clipping 


Valley Filling 
Load Building 
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of electricity use. The basic aim of Hydro’s 
electrical efficiency improvement programs 


such as lighting and space heating - while 
. using less electricity. gies leads to more stable and predictable | 
Such reductions can be achieved in two 
different ways. One involves encouraging 


customers to choose equipment that operates : 


Figure 7-1 Effects of Demand Management 


Load reduction 


Paras 


Peak clipping 


Load shifting 


Valley filling 
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Ontario Hydro Incentive Programs 


Electrical Efficiency Improvements 

Time-Of-Use Rates, Thermal Cool Storage 
and Direct Control 

Capacity Interruptible Load 

None 

None 
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: at higher than normal efficiency - in other 
: words, that uses less electricity todo the same - 
: job. Improving electricity use through the | 


introduction of efficient equipment technolo- - 


energy savings. 
The other way to promote efficiency is to | 
advise them on how to make more efficient | 


a 


This plan projects cost 
effective demand management 
reductions of over 4,800 MW 

and 17 TWh in 2014. 
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: Energy-efficient lights will give customers quality lighting from fewer kilowatts. 
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use of their electrical equipment. This approach | 
| focuses on people’s behaviour, Both of these 
approaches are important and complementary. 
Customers can reduce waste by turning : 
, off lights when they are not needed. But, even 
3 when customers are convinced of the benefits, 3 
: changes to entrenched habits are sometimes 3 
| difficult to sustain. This is why utility | 
3 information programs will continue to play : 
: an important role in reinforcing the importance : 
: of energy efficiency. 3 
3 A more dependable way for customers to : 
3 reduce lighting costs is to install high-efficiency , 
| ' fixtures which provide the same amount of ; 
| light using less electricity. While more efficient 
equipment virtually guarantees lower 3 
' electricity bills, it does carry other costs - : 
: notably the higher capital costs often associated: 
with more efficient equipment. : 
: Thus, Hydro’s programs for efficiency 3 
: improvements contain a blend of advice on 3 
: more efficient use of equipment and encour- 
: agement to select more efficient equipment. | 
They also include financial incentives : 
where necessary to help offset customers’ 3 
: incremental capital costs ~ shortening payback : 
periods for customers who adopt more ; 
efficient equipment. Financial incentives ; 
: may include reduced rates, grants, loans, 
or rebates. ; 
: Energy efficiency programs have to appeal : 
: to customer values and interest. Saving money | 
: is a major incentive for electricity customers : 
© to participate in energy efficiency programs. 2 
: But people may also wish to adopt energy- 
efficient electrical equipment for reasons other : 
"than cost, such as conserving resources or : 
protecting the environment. | 
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: Gommercial Sector — Lighting accounts for about 
40% of electricity use in the commercial sector. 
: Much of this lighting is inefficient compared to 
3 the best available lighting products and design 
3 practices. 


Hydro has designed an incentive program for 


lighting based on considerable research and 
consultation with lighting suppliers, utilities and 
customers. To ensure customer service standards 
are met lighting design must meet guidelines set 
2 by the Illuminating Engineering Society. 


Promotional materials reflect targeted appeals 


to different segments of the commercial sector 
with divergent needs and expectations, For exam- 
ple, lighting program design has to recognize that 
: efficient metal halide lamps do not have equal 
value in office and retail applications. While these 
lamps can effectively light a broader area 
3 than fluorescent lamps, replacement is not as 
convenient — a crucial consideration in a retail 
‘environment but not as important in offices. 


industrial Sector — In 1989 Ontario Hydro 


: launched a province-wide program to promote the 
use of high efficiency motors. This program is 
designed to reduce the growth in demand by 
400 MW by the year 2009 by making these motors 
: the standard in Ontario within the next ten years. 
Today, they account for less than 3% of annual 
: motor sales. The development of this program 


A Progress Report on Efficiency Improvements - Three Examples 
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illustrates how the effectiveness of a program may 
depend on careful research. 

Several years ago Hydro’s market research 
established that high efficiency motors had cap- 
tured a very small share of the motor market, even 


though the potential payback to customers in elec- 


tricity savings would offset the higher cost of these 
motors. An economic analysis showed that the 
value of high efficiency motors to the Hydro system 
is in the range of $40 to $50 per horsepower. Since 


motors account for 75% of industrial electricity 


consumption and high efficiency motors are | 


between three to eight percent more efficient 
than today’s standard models, Hydro decided 
to commit considerable resources to promoting 
much greater use of high efficiency motors 
in Ontario. 

A test program was run using financial incen- 
tives to shorten payback periods for customers. 
But despite extensive research and careful con- 
sultation with customers, the program was not 
attracting wide interest. 

Further studies showed that most wholesalers 
were not able to obtain high efficiency motors. 
Rather than lose sales, many suppliers offered 
deals on standard motors that were as attractive 
as Hydro’s incentives for high efficiency motors. 

The high efficiency motor program has been 


<The Demand Management Plan - Chapter Seven> 
7-5 


designed to take these research findings into | 
account. The program features include: 
* rebates to customers which reduce customer | 
payback periods to less than two years; 
* incentives to distributors which offset the cost of 
handling a broader range of products; and 
* education programs and cooperative promotion 
efforts with manufacturers and distributors. : 
Residential Sector — One of Hydro’s objectives 
in the residential sector is to promote awareness 
of, and interest in, demand management. One pop- | 
ular program designed to achieve this was a con- 
test to find energy efficiency tips from customers. 
When the program was announced, with prizes : 
for the best entries, more than 10,000 responses ; 
were received. Award ceremonies were well 
publicized and attended. : 
The top suggestions were published in a book- 
let entitled “Tips — Energy Suggestions from the 
People of Ontario”. Over 100,000 copies were 
distributed to people who called in to ask for the | 
Tips booklet. 
This awareness-raising program was followed 
by a province-wide promotion of efficiency- 
improving products in the fall of 1989 in cooper- 
ation with the Home Hardware retail chain. 
Coupons included in the special promotion gave 
residential customers discounts for the purchase | 
of efficiency-improving products. 


Winning over the Decision-maker 


: To be successful in their demand management ‘ 
: programs, Hydro and the municipal utilities 


have to deal with three overlapping groups 
of people. 

* people who pay electricity bills 

¢ people who use electricity 


i decisions. 
: While it is obvious that customers have a 


bills, this is not necessarily true of other users, 


such as apartment dwellers who are not directly 
: responsible for their electricity bills. Thus, 


programs to encourage more efficient use of 
electricity must be designed for both groups. — 
Because many people have little control 
over the type of electrical equipment they 
use, Hydro’s efficiency improvement programs 
must also be aimed at the decision-makers 
: who select the energy form and equipment 
: future savings is notin itself so unusual. What 


: to be used in factories, commercial buildings 
: and housing developments. This group includes 


manufacturers, engineers, architects, builders, 
service trades and other individuals who may 
be neither the user nor the ones who pay the 
electricity bill for the equipment in question. 
Decision-makers are often motivated to select 
equipment for convenience and short-term 
economies, rather than long-term savings. From 
a decision-maker’s perspective, it may not be 
sensible to invest more capital up front for 
an efficient technology when the benefits are 
likely to be enjoyed at some point in the future 


: by someone else. 


: tis Hydro’sjob to understand what measures 
are most appealing; to offer a broad menu 
of programs to choose from; and to develop 
innovative ways to motivate customers to 
act on economic efficiency improvement 


: opportunities. 
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= What About Incentives? 


: A demand management option is economic if the 
2 Tota! Customer Cost Test is satisfied. This evalua- 
: tion is not affected by the level and nature of any 
: incentive provided by Hydro. 

® people who make electricity-related equipment : However, when financial barriers are identi- : 
: fied, Hydro estimates the level of incentives 
: needed to overcome decision-makers’ concerns 


: built-in incentive to reduce their electricity - 


about investment payback. The amount of the 


incentive cannot be greater than the avoided cost 


: level and will generally be set to achieve signi- 


attracting an undue number of free riders.t 
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The Cost Factor 
Successful demand management often involves 


the use of financial incentives. Investing for | 


: is unusual is the idea that Hydro is prepared 


to pay customers to use less electricity. 


When it does this, it incurs incentive costs 


and reduces sales volume. The result is that 


everyone is likely to pay slightly more per | 
kilowatt hour, but participating customers will 
use fewer kilowatt hours and therefore their 
bills will be lower. Hydro is, therefore, offering 
a broad range of programs in order to ensure 
that the opportunity for participation is | 


widespread. 


In assessing demand management pro- 
: grams, Hydro applies a test called the Total 


Customer Cost Test. In this test, Hydro estimates 
the present value of: 


* the incremental cost of more efficient : 
equipment (e.g., the premium paid for : 


high-efficiency lamps); 
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* program administration and delivery costs 
(the utility’s cost in delivering the lighting | 
: program, including incentives where 
: applicable); and 
: * changes in customers’ operating costs (the 
: customer’s bill reduction as a result of lower 
: consumption for lighting). : 
A program is economic if the sum of these 
: customer and Hydro program costs is less than 
2 the corresponding present value of avoided 
: supply costs - what it would have cost Hydro 
: to supply the electricity not consumed because 
: of the program in question. 3 
2 ficant penetration of the target market without 2 

_ The Time Factor 
: It takes time to build the basis for successful 
demand management programs: 
* identifying combinations of market segments 
and technologies with economic potential for 
efficiency improvements; | 
ie conducting the market research that will 


help in the design of effective programs; 


¢ program testing and new product | 
: development; 3 
* building credibility and relationships with 
: decision-makers, customers and allies. : 
' As indicated in Figure 7-2, Hydro has | 
developed and is launching a broad portfolio 
of demand management programs across the 
residential, commercial, and industrial sectors. 


Environmental Factors 


Natural Environment 


: Generally, demand management options have 
favourable effects on the natural environment. 
Improvements in electrical efficiency can reduce 
the need for new generation, transmission 
and distribution facilities, and cut back Hydro’s 
consumption of coal, oil and natural gas. Load 
shifting has similar benefits, allowing Hydro 
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Regions, areas 
inspection and 
municipal utilities 


Energy 
management 


Strategic 
direction 


1983 
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Figure 7-2 Increasing Customer Satisfaction Requires Strengthened 
Customer Service and Energy Management Requirements 


Phase | 


Development and 


introduction of energy 
management programs 


¢ Strategy formulation 
* Pursue concept testing 
of efficiency & load 


shifting 


* Increased customer 


contact 

¢ Understanding 
customers better 

¢ Ally & channel 
development 

¢ Gaining municipal 
utility support 


* Encouraging electri- 


city use where 
customers benefit 


¢ Promoting ‘natural’ 


conservation 
¢ Gradual resource 
increase 


1988 


Phase ]I 


Implementation 

of incentive driven 
energy manage- 
ment programs 


¢ Strategy 
refinement 

¢ TOU implemented 

¢ Incentive-backed 
efficiency initia- 
tives implemented 

¢ Direct control load 
shifting imple- 
mented in early 
1990s if TOU 
does not deliver 
required results 

¢ Major resource 
increase — a mega 
project committed 
and underway 

¢ A highly visible 
presence in the 
marketplace 


1992 


Phase III 


Broad scale 
implementation 
of programs 


¢ Strategy refine- 
ment 

* As in Phase |! 
but all initiatives 
at full scale 

* Stability in 
resource level 


1998 


Phase IV 


Implementation 
level adjusted 
to market 
conditions 


¢ As in Phase Ili 
but level of 
effort will be 
adjusted to 
meet system 
and evolving 
customer 
needs 
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: to substitute more economic generation facilities 
: to meet shifted energy needs. To the extent 
that these benefits can be quantified, they 
are reflected in Hydro’s avoided cost, crediting 
demand management initiatives with their 
7 environmental benefits. 


Electrical efficiency improvement programs : 


reduce energy and power consumption at all : 
times. Accordingly, the environmental impact 
: ofall types of generation, e.g., hydro, fossil, 
and nuclear, are reduced. : 


A load shifting program does not reduce 


the amount of electrical energy consumed. 
The flattening of daily load shape tends to 
reduce the amount of peak and intermediate 
load and increase the base load. Since base 
load requirements are met with nuclear and 
base-load hydraulic generation, the amount 
of fossil generation required is reduced. 
| The environmental issues associated with 
fossil and nuclear generation are discussed 
in Chapters 14 and 15. 


The environmental characteristics of : 


demand management options themselves have 
not been scrutinized as extensively as supply 
options. Some of the potential environmental 
3 effects relate to the manufacture of energy 
efficient equipment and to the disposal of 
inefficient equipment. Preliminary estimates 
of these effects, however, indicate that they 
are negligible when compared to the effects 
of producing the displaced electricity through 
conventional generation. 


The potential environmental effects of : 


: demand management programs need further 
study. Some programs will require the man- 
agement of environmentally sensitive materials. 
| For example, a program to replace standard 
fluorescent ballasts requires the safe disposal : 
of old PCB-contaminated ballasts; a program 
to encourage the use of high efficiency refrig- 
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ee in many sectors including trades required to | 
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Efficiency improvements reduce the need for new facilities, and help protect the environment. 
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: erators may require the safe extraction of freon : 
| (CFCs) from old equipment; and, a program | 
: to encourage weatherization of homes would : 
| require air exchange equipment to reduce 7 
: concentrations of air pollutants such as radon 
| gas, formaldehyde, and carbon monoxide. 


Some electro-technologies are highly effec- 


| tive in helping customers manage their envi- : 
ronmental responsibilities: reverse osmosis : 
: will clean up industrial waste streams; oxygen | 
' smelting can reduce industrial emissions of | 
acid gases; plasma arc tools can cut primary 2 
metal industry emissions. When these tech- | 
_ nologies are adopted, customers and society : 
: benefit despite the fact that electricity demand | 
2 may be increased as a consequence. : 


- Social Impacts 
: Demand management programs also have social 
# : effects. Program-related employment willbe | 
created in communities across the province | 


3 install and maintain energy efficiency equip- : 
: ment. The material supply and manufacturing : 
- sectors willneed energy service specialists and 
: personnel to develop and implement programs. | 
3 Total provincial employment is expected : 
: to be higher with the introduction of major : 
demand management programs. The benefits : 
_ created in any one community, however, may | 
| 3 be lower than the direct impact of a major | 
| supply project. Demand management programs : 
: are unlikely to create significant local community 
: impacts. Upgraded energy efficiency standards, 
building code amendments and electrical 
: efficiency incentives may affect the type, cost, | 
and pace of residential development. 
: Load shifting and efficiency improvement | 
programs have other potential impacts, Time- : 
' of-use! rates will induce changes in howelec- | 
tricity is used by customers. Residential | 


: 25 


: 35 


2: 


: customers may change their pattern of house- 
: hold activities. Time of use, seasonal, and inter- 
ruptible rates for industry may also result in 
changes to working hours. 


: may increase comfort in the home. 


7 Electrical Efficiency Improvements - 
: Potential and Attainable 

: Various estimates have been prepared for the 
technical potenialt of energy efficiency in 
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Ontario. Technical potential is the reduction | 
in electrical demand that could be achieved 
by a given year if all technically possible improve- 
: ments were made throughout the province 
: The substitution of high-efficiency equip- 
ment which provides the same energy service 
will have little or no impact on the lifestyles 
of Ontarians. Similarly, load shifting equipment 
such as storage water heaters which provide 
the same service (ie. adequate hot water when 
needed), will have no impact on lifestyles. 
Some efficiency measures such as caulking, 


ple, while it might be technically possible to 
and replace them with high efficiency ones, 


outweigh the potential improvements in 


: electrical efficiency. 


For these reasons, Hydro does not estimate 


potential total electrical efficiency improve- 


ments that take into account cost, timing, and 
opportunities. 


Figure 7-3 Electrical Efficiency Improvement Terminology 


Identified 
Opportunities 


Unidentified 
Opportunities 


— technical 
— economic 
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It is extremely important to understand : 
clearly the distinction between theoretical and ! 
realizable potential for energy efficiency ‘ 


improvement (EE]) in Ontario. Discussions : 
without regard for cost or people’s preferences. 
In reality, of course, many improvements that : 
are technically possible would be prohibitively 
expensive or otherwise undesirable. For exam- 


of potential must include start and end dates : 
in order to permit orderly calculation of the 
growth of capital stock and the replacement : 


of existing stock. Figure 7-3 illustrates the 
: concepts used in the development of this plan. 
collect all less efficient refrigerators in Ontario 


Potential Total EEI is the value that is ; 


obtained when mature technologies capable : 
: the costs and other disadvantages would clearly : 
: insulation, and improved windows and doors : 


of improving electrical efficiency are matched 


with significant uses of electricity and subjected 
to the Total Customer Cost Test evaluation. 
Technical screening eliminates technologies 
' technical potential in its demand manage- 
ment planning. Instead it uses estimates of 


that will not meet customers’ needs and eco- | 
nomic screening eliminates those with 
higher costs than supply options. This estimate : 


: of potential assumes 100% penetration of the : 
: market. 


Estimates of the Potential Total EEI will 


: vary depending on exactly what assumptions 
are made in the calculation of avoided costs 
and the completeness of the list of candidate 
technologies. 


Hydro subdivides the Potential Total EE 


into two parts: 
¢ Natural electrical efficiency improvements 
' are expected asa result of people’s responses 
to normal market forces and the standard pro- 
grams of governments, This continuing trend 
towards improved efficiency is captured in 
the Basic Load Forecast. Hydro’s general infor- 
mation programs which promote electrical 
efficiency contribute to natural EEI. 
: ©The balance of the total potential improve- : 
: ments is called Potential Induced Electrical 
Efficiency Improvements. These improvements : 
are expected to require intervention by Ontario 
: Hydro in the form of financial incentives to | 


: decision-makers, This estimate of potential — 


continues to assume 100% penetration of the 
: eligible market. 

| Attainable Induced EElis an estimate needed 
because the potential induced estimate ignores 


practical marketing considerations such as - 
the availablity of efficient products, the presence 
of an infrastructure to supply and service these 
: products, the willingness of decision-makers ‘ 
: to accept them and impact of competitive 
response. Hydro’s estimate of attainable induced | 


: efficiency improvements is developed from 
: the estimate of Potential Induced EEIs and 
: estimates of market penetration rates. 


A Penetration Rate is defined as the per- | 
: centage of the potential reduction that can | 


- beachieved fora specific demand management 


option by a specific year. These rates are based - 
on assessments of the hurdles that have to : 
: be cleared to achieve success in the marketplace. 
Part of the process of determining the Demand 3 
: Management Plan is to sketch out program — 
: concepts so that the practical considerations 
: can be assessed for each market sector and - 


3 technology. 


The importance of insulation is constantly 


; being reinforced. 
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Figure 7 


Electricity Consumption by Sector & End Use 


Residential: 


Commercial: 


Industrial: 


The estimate of the Attainable Induced 


EE] is based on identified opportunities and | 
proven technologies. However, it is expected ; 

that new opportunities arising from emerging i 
_ technologies and new ideas for increasing the _ 
penetration rates of current technologies will ; 
also contribute to the total reduction of load. | 
The Unidentified EEI estimate provides an 
: allowance of the expected reduction in power | 
and energy demand arising from new ideas 
: : would have made anyway; 
° Diversity? -notall customers will have their 3 


and emerging technology. 


The Planned Induced EE] is the total reduc- : 
- tion in power and energy expected asa result 
of Hydro’s incentive-driven programs. Itincludes 
contributions from both identified and 
; electricity reduction will occur during periods : 
3 of high demand (winter weekdays, 7:00 a.m. - 
11:00 p.m.); and : 
. All demand management programs have : 


: unidentified opportunities. 


Measuring Net Program Impact 


' built-in tracking and evaluation procedures. 
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2.6 million homes; 29% of electricity use 


Space & water heating; 56% 
Appliances; 38% 
Air Cooling; 6% 


600,000 businesses; 34% of electricity use 


Motors & equipment; 39% 
Lighting; 38% 
Space & water heating; 11% 
Air cooling; 12% 
18,000 customers; 37% of electricity use 

Motors & equipment; 73% 
Process heating; 16% 
Lighting; 11% 


For example, keeping track of the number 
of efficient electric motors installed with incen- 
tives provides a physical basis for the estimation 
of program impact on electricity demand and 3 


the progress of the program against plan. 


Corrections are applied to program tracking | 
data to estimate the net impact of programs. |: 


These corrections include adjustments for: 


* Free riders — customers who accept incentive 
payments for efficiency improvements they | 


more efficient applications in full use at the : 


same time; 


* Coincidence - only a portion of a programs’s : 


* Power delivery losses. 


2 


: 35 


20: 


‘ oe 
nny 


<Providing the Balance af Power> 


Figure 7~5 Where Electricity is Used in Ontario 
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Figure 7-6 Growth in Primary Demand for Electricity by Region 1983-1987 
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83 MWiyr 


ms 6Cbnservation Across The Province 


Identifying demand management opportunities and 
developing effective programs also involves - 
- understanding where the growth in demand for _ 


electricity is occurring. Most electricity is con- 
sumed in Ontario’s Golden Horseshoe which con- © 
: sists of Central Region and parts of Western | 
Georgian Bay, and Eastern Regions, as shown in 
Figure 7-5. Areas of the province which do not 
: have access to natural gas supplies also show a 
greater need for electricity service. Figure 7-6 : 
: shows electricity growth rates and the absolute - 
level of increase in recent years in different areas 
: ofthe province. 


Ontario Hydro is promoting demand manage- 


ment throughout the Province. 


Post-program audits are used to confirm | 


: that estimated program benefits have been | 
: achieved and will be sustained. 


Data for contributions from demand man- : 


: agement (in megawatts) in this chapter are: 


: © net of free riders; 
3 ¢ coincident with the power system’s winter 7 
peak; and | 
¢ measured at the point of generation. 


_ DEMAND MANAGEMENT OPPORTUNITIES - 


This section provides some details on demand : 
management opportunities in three areas: elec- | 
trical efficiency improvements, load shifting : 
: and peak clipping achieved through inter- 
i ruptible contracts, Using the year 2000 as a 


: benchmark, the discussion quantifies attainable 
: levels for each of these areas. A background 
report contains detailed analyses for the : 
| i; Residential 
To set the stage, some data are provided : 


: years 2000 and 2008. 


: first about how, where and when electricity 


: is used in Ontario, because this information : 


: is vital in assessing the opportunities in a 
: particular sector or end use. 


Electricity Use in Ontario 


: Ontario Hydro and municipal electric utilities 
‘ serve about 3.3 million customers in three | 


: distinct market sectors: 
: # Residential - homes, cottages, farms 


: ¢Commercial - offices, condominiums, retail 


: stores, restaurants, institutions, apartments 


- eIndustrial - mining, processing, manufacturing 
3 Figure 7-4 indicates that each sector con- 
sumes about one-third of the total electricity 
used in Ontario. But, total consumption is 3 
| only a small part of the story, since electricity 
is used for a variety of purposes by customers 7 


: in each sector. 


: Hydro isworking to understand customer | 
needs in each sector in order to design effective 
programs. While there are core customer expec- 
tations like reliability, low cost and environ- 
mental protection, the customer emphasis can 
vary among sectors. Residential customers want 
convenience, comfort and low cost. Commercial 
customers look for excellent customer service, 
reliability of supply and low cost. Industrial 
customers are particularly concerned about 
cost and reliability, and are always looking 
for ways to improve productivity and : 
and ensuring good results from demand : 


: competitiveness. 
Clearly, one or two demand management 


: initiatives cannot capture the potential for : 
: demand reduction, given the diversity ofend : 
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c Efficient lighting 
"Appliances 
Water heater wrap, etc. 


| Low-flow shower heads 


Building improvements 
Insulation 
Weather stripping 

~ R2000 building standard 
Window replacements 
Efficient design 


| Heat pumps 


Efficient HVAC systems 


| Energy management systems 


Refrigeration 
, Individual metering 
High efficiency motors, 
compressors, fans, pumps 
' Industrial drives 
Industrial processes 


| Electric steelmaking 


uses and customer needs. Hydro’saim is, there- _ 
fore, to provide customers with acomprehensive : 
set of programs covering all sectorsand many : 


end uses. 


Market research, technology assessment 


Figure 7-7 Technologies for Electrical Efficiency tmprovement 


and research, and preliminary field testing 
of program concepts are all part of Hydro’s 
approach to identifying opportunities for : 


: management programs. 
The remainder of this section is devoted : 
to a discussion of demand management : 
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Figure 7-& Potential Induced Electrical 


Efficiency Improvements 
MW by year 2000 


System Avoided Cost (at 100% Load Factor ) 
2.6¢/kWh 3.7¢/kWh 4,.8¢/kWh 


Residential 1,660 1,920 1,930 
Commercial 1,890 2,480 2,820 
Industrial 490 530 540 
Tota! 4,040 4,930 5,290 


> 20 


; 35 


20 
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Figure 7-9 Estimated Penetration and Attainable Induced 


Electrical Efficiency Improvement Programs 
by the Year 2000 @ 3.7¢/kWh 


Penetration 

% 

Residential: Renovations 3-20 
Heat Pumps 15 

R2000 or equivalent 25 

Appliances 20-50 

Commercial: Offices 50 
Retail 40 

Apartments 50 

Other 45-60 

Industrial: Motors & Equipment 45 
Lighting 45 

Other 30 - 50 


Total for Identified Measures 


Figure 7-10 Planned Induced Electrical Efficiency 


Improvements by Year 2000 


Peak Power (MW) 
Load Forecast 

Lower Median Upper 
Identified Attainable: Residential 190 350 460 
Commercial 900 1,140 1,330 
Industrial 160 240 270 
Subtotal 1,250 1,730 2,060 
Unidentified (all sectors): 350 270 440 
Total Planned: 1,600 2,000 2,500 


Expected Penetration 
MW 
50 
25 
145 
130 
350 
480 
160 
140 
360 
1,140 
140 
30 
70 
240 
1,730 


Energy (TWh) 


Load Forecast 


Lower 


0.9 
5.2 
1.0 
7.1 

0.9 
8.0 


Median Upper 


1.6 
6.6 
1.5 
az 
0.3 
10.0 


2.1 
77 
17 
11.5 
1.0 
12.5 
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| opportunities in each of the three major : 
: areas noted above: 


: ® electrical efficiency improvements; 
: ¢ load shifting; and 
: © capacity interruptible load. 


- Electrical Efficiency Improvement 

- Opportunities 

Figure 7-7 lists examples of technologies, eich | 
either individually or in combination, provide | : 
important opportunities for electrical efficiency 


improvements. These include improved insu- : 
lation and lower infiltration levels in new and 
existing houses; heat pumps to displace resis- 
tance electric heating; improved heating and ‘ 
ventilation equipment in commercial buildings, 
high efficiency lighting; and high efficiency | : 
ee and variable speed drives. 
- Inthe practical application of an efficiency | 


program, decision-makers have to be informed | 


os WEEN ose es 


about the efficiency opportunity, as well as | 
its cost and its performance. They must have : 
confidence in the technology and in its value. 


: It must represent a significant and desired 
: improvement. The delivery channels and service 
: infrastructure must be in place and where 
financial barriers exist, appropriate incentives 


' must be available. It is important to keep in : 
: mind that the mere existence of a beneficial : 


technology will not in itself guarantee a high 


: rate of customer uptake. 


As noted earlier, Hydro assesses efficiency | 


| improvement opportunities and classifies them | 
as either likely to be adopted by customers 
through normal market forces (natural) 
or requiring active intervention by Hydro. 
: Figure 7-8 shows Hydro’s estimates of the | 
Potential Induced EEI options to the year 2000 
for the median load growth. These estimates | 


© are based on the assumption that no institutional. 


ae: : or other barriers stand in the way of complete : 


: Customers are encouraged to make more 


efficient use of their electrical appliances. 
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: customer uptake. All estimates are based on 
use of efficient equipment and technology : 

currently available in the marketplace. : 
: The figure illustrates the sensitivity of this : 
: potential to three different levels of system 7 
: avoided costs. These avoided costs define how : 
much efficiency improvement can be achieved | 
: economically with incentive-driven programs. | 
: Thus, if the forecast of avoided costs were : 
: lower, the Potential Induced EEI in each sector 
: would be lower, and vice versa. : 
: The Potential Induced EEI in each sector | 
: represents the amount by which Hydro’s Basic 
- Load Forecast of peak demand would be reduced : 
: if the potential were achieved. 2 
_ Asthe figure shows, the potential induced | 
efficiency improvements across all sectors 
_ at the median load growth avoided cost of : 
_ 8.7 cents/kWh is approximately 5,000 MW : 
- by the year 2000. 


: Potential in Alternative Plans 3 
: The System Avoided cost (3.7 cents/kWh) used 
in Figure 7-8 is the one used for the proposed : 
: plan. The Figure also shows plus and minus 
: 30% variations on the 3.7 cents. It is the average 
|. value in the 2000 to 2014 time period for the | 
_ median load growth. Itis quoted at the generator 
- level and does not include the specific allowance | 
: for the transmission costs and losses that were 
: included in the screening of the EEI options. : 
| : The cost quoted is a “representative” one. : 
3 Each option’s avoided cost was calculated using | 
_ the energy savings pattern appropriate to that : 
option. The avoided costs for the other can- | 
: didate plans vary only slightly from the values 3 
_ for the proposed plan. The representative | 


: on 


26 


: 30 


35 
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Figure 7~11A Annual Load Shape and Daily Load Shape Total System 1988 


si 


Hourly Load GW 


“ Minimum 
Winter Summer 


0 50 100 150 200 
Days 


Figure 7-11B Daily Load Shape 
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; avoided cost for Plan 22 is slightly lower at 
3.6 cents/kWh and for plan 24 higher at 
: 4.2 cents/kWh. In light of the small changes | 
these imply in the Potential Induced EEI, and 
the further reduction when attainability is 
considered, it was decided not to modify the 
demand management plan component in alter- 
| native candidate plans. 


: Comparison with Ministry of Energy ; 
The Ontario Ministry of Energy (OME) recently 
commissioned Marbek Resource Consultants 
Ltd. and Torrie, Smith & Associates to, amongst 
other things, update an earlier report on the 
potential for electricity conservation in Ontario. 
They estimated what they describe as the 
“Maximum Economic Potential” for savings 
by the year 2000. Their estimate is 6,637 MW. 
This is at the end use level and includes natural 


potential that has been excluded from 
: the estimates shown in Figure 7-8. When 
allowance is made for losses (approximately 
- 8%), natural EE] (approximately 1600 MW), 
differences in the screening methodologies, 
and the general uncertainty associated with 
these estimates, the two sets of results are 
not inconsistent. 


It should be noted that the OME report : 


: does not address the question of the proportion 
: attainable. 


- Attainable EEI 


- When the Attainable Induced EEIs are esti- | 
mated, it is assumed that financial incentives 
: will be set high enough to motivate the mar- 
ketplace to adopt the efficiency improvements. 
A guiding principle affecting estimates of market 
penetration and incentive levels isa requirement 
that customers who benefit must also make 
a financial contribution to the cost of imple- 
menting the improvement in question. The 
' size of the contribution depends on the program. 
In some cases, an incentive of 20% of the 
i extra capital cost of an efficiency upgrade may 
be enough to motivate the customer. In other 
cases, it may be necessary for Hydro to pay : 


| 80% of the incremental cost. 
Expected customer uptake is based on 


Hydro’s experience with demand management, 
as well as an examination of comparable 
_ programs undertaken by American electrical , 
utilities. These suggest that market penetrations : 
_ of between 3% and 55% of eligible customers | 
A judgment has been made that the changes 
"in the estimates of identified potential do 
not merit changing the planned amounts. 
_ The Unidentified Induced EEI, shown in | 
: Figure 7-10 provides the balance between 
identified and the planned amounts. 


will be achieved by incentive-driven demand 


: Management programs. Figure 7-9 shows the | 
: expected level of customer acceptance, and | 


attainable megawatt reductions expected to 
: the year 2000 from mature technologies. 
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_ Planned Induced EEI 
These estimates have been supplemented 
with an estimate of the likely contribution 
; from new ideas to increase the penetration 
rates, and the expected new opportunities 
arising from emerging technologies. | 
Figure 7-10 shows the planned results of 
incentive-driven efficiency improvements and : 
the resulting reduction in overall demand across 
the load forecast bandwidth. : 
of the economic potential that is practically Hydro considers that an efficiency improve- 
" ment level of 2,000 MW and 10.0 TWh by the : 
year 2000 is appropriate and realistic for 
incentive-driven programs. This level assumes ; 
that load growth will follow the median forecast. 
If load growth is higher or lower than expected, 
then the planned level is changed to reflect 
the changed system economics and market 


opportunities. 


Hydro has set these plan levels recognizing 
that it is important to be realistic. If they are 
set too high, the proper balance of economic : 
demand and supply measures will not be 
achieved and customers will experience higher 
costs and greater risk of unsatisfactory reliability. 
If they are set too low, Hydro would over-invest 
in supply facilities and customers’ costs would 


be higher than necessary. 


: As has been described in Chapter 6, planning 
is an iterative process. The planned results 
presented in this document were derived using 
avoided cost estimates pre-dating the Demand/ 
Supply Plan. The estimates of the Attainable : 
Induced EEI (Figures 7-9 and 7-10) are based | 
on the avoided cost for the Proposed Plan. 
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Higure 7-12 System Potential for 
Load Shifting by Year 2000 


oad Growth 


Lower 


3 Median 


‘Upper 


Load Shifting 
800 MW 
1,000 MW 
1,200 MW 


Figure 7-13 Expected Customer Response to 


Time-Of-Use Rates 


(median growth to year 2000) 


Customer Class 
Residential 

General, <5 MW demand 
General, >5 MW demand 
Direct Industrial 

Total 


MW Peak i 


Demand Reduction 


254! 


412 


366 


1,164 : 


133 
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Figure 7-14 Peak Demand Reduction - Median Load Growth ; As noted earlier, Hydro’s demand man- : 
: agement plan for efficiency improvements : 
: compares favourably with the plans and ex- : 


© Efficiency ; ' he i 
improvements | perience of leading North American utilities, 2 


@ Load shifting: mp S 
@ Peakclipping : Load Shifting Opportunities 


(capacity : Although demand for electricity fluctuates 
interruptibles) from minute-to-minute, there are some general 
patterns - known as load shapes. Demand is 

higher through the day than at night, and 

higher in winter and summer than in spring 

and fall. Figure 7-11 shows a typical load shape 

for a full year, as well as for a winter day. : 

Since electricity cannot be stored, power 

1990 1995 2000 2005 2010 2014 ; stations have to be brought on and off line : 
Your : as required to meet these fluctuations in : 

demand. By flattening electricity demand, Hydro 
can use generating stations more economically 
and reduce the need for new generation capacity. 


: Load shifting, thus, has an important role in : 

| : demand management. 

Figure 7-148 Energy Reduction - Median Load Growth Load shifting results in lower peak demands | 

: on the system. It does not, however, reduce : 

20 energy demands since the energy displaced 
will normally be supplied in an off-peak period. 

: There are several ways to shift customer 

: demand from peak to off-peak periods. Time- 
of-use (TOU) rates give customers an incentive 

e to shift their electricity use away from peak : 
as i demand periods when rates are higher. A utility 
can also control demand directly by means 
; of devices that temporarily shut off electrical : 


: i equipment like water heaters without incon- | 
: venience to the customer. Hydro’s strategy : 

j i js to rely primarily on time-of-use rates and : 
t y | 

1990 1995 2000 2005 2010 2014 deploy peeet control! methods waete miey 
Year : are economic and to the extent rate incentives ; 


: do not fully achieve the desired results. 
Most such load-shifting opportunities are 
linked to the daily cycle in the system load, 
rather than peaks occurring across the longer 
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. Customized programs are developed to meet the 


: needs of energy intensive agricultural operations. 
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: weekly and seasonal cycles. There are few tech- 
| | nologies that offer the potential to shift customer 
: use from weekdays to weekends, or from | 
: winter to summer, compared to the potential 
: that exists for shifting from daily peak to ; 
: off-peak periods. 
' The opportunity to reduce peak demands | 
is most dependent on the characteristics : 
: of the load about the time of the system 
; peak demand, typically a cold January day - | 
. and the characteristics of the existing | 
: generating system. For Ontario Hydro, the : 
: useful potential for load shifting is estimated : 
| : to be about 1,000 MW by the year 2000. ; 
: Beyond this amount there is little advantage : 1 
: to load shifting, since capacity requirements - 

: would not be reduced. That is because the : 

daily load shape in the winter months is already 

- very flat, with an 88% load factor. : 
While 1,000 MW is a reasonable level to | 
- set for load shifting by the year 2000 under | 
7 | the median load forecast, the level changes : 
3 with load growth conditions, as shown in 3 
: Figure 7-12. | 


- ‘Time-of-Use Rates 
: Beginning January 1989, time-of-use rates ; 
' were applied to Hydro’s large industrial ‘ 
customers, large customers of the municipal 

: utilities and on an optional basis to municipal | 
' utilities. In 1990, over 250 large customers | 
J. and 160 municipal distributors will be billed 
- on time-of-use rates, representing over 80% 
- of Ontario Hydro’s total load and 95% of sales : 
: to municipal utilities. 


: rately. The motivation for this is a desire to : 
- be fair to all customers, aswell as to encourage : 
: the efficient use of resources. 


cm 


: 


88 
The primary goal of time-differentiated : 
: rates is to have prices reflect costs more accu- : 


25: 


30: 


% : 
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1994: 


2000: 


2014: 


Electrical Efficiency Improvement 


Load Shifting 
Capacity Interruptible Load* 


Electrical Efficiency Improvement 


Load Shifting 
Capacity Interruptible Load* 


Electrical Efficiency Improvement 


Load Shifting 
Capacity Interruptible Load* 
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Lower 
482 
400 
558 

1,440 
1,600 
800 
599 

2,999 

2,475 

1,080 
771 

4,326 


Demand Management Pian —Peak Power Reduction (MW) 


Load Forecast 


Median 
633 
560 
632 
1,825 
2,000 
1,000 

702 
3,702 
3,400 
1,280 

890 
5,570 


* 1988 capacity interruptible load was 763 MW. Net reduction by 2014 is 4807 MW for the median forecast. 
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1994: 


2000: 


2014: 


(Median Growth) 


Electrical Efficiency Improvement 
Load Shifting 

Capacity Interruptible Load 
Electrical Efficiency Improvement* 
Load Shifting 

Capacity Interruptible Load 
Electrical Efficiency lmprovement* 
Load Shifting 

Capacity Interruptible Load 


Demand Management Plan —-Sectoral Breakdown 


Residential 
MW TWh 
192 0.8 

0 0 

0 0 
500 1.8 
80 0 
0 0 
985 3.5 
110 0 
0 0 


* includes Unidentified EE/ allocated 55/45 to residential and industrial. 


Sector 
Commercial 
MW TWh 
i I 
210 0 
0 0 
1,140 = 6.6 
360 0 
0 0 
1,725 10.0 
460 0 
0 0 


Upper 
743 
620 
696 

2,059 

2,500 

1,200 
798 

4,498 

4,250 

1,480 
976 

6,706 


i 


Time-of-Use rates encourage customers to: | 


* shift load to off-peak times; 

: ¢ reduce loads at peak times; and 
¢ schedule new loads for off-peak times (valley 
- filling). 


The main effect of time-of-use rates is 


expected to be load shifting. For example, 


: industrial customers can take advantage of | 
: TOU rates by charging battery-driven equipment | 
: at night. 


Figure 7-13 shows that the expected load : 


shifting response by the year 2000 could exceed 
the amount the electricity system could use 
: effectively, if time-of-use rates were applied | 
to all customer classes. This figure is based 
on experiments conducted in recent years. 
Jt assumes no financial incentives will be given 
to customers other than the time-differentiated 
rates themselves. The cost-effectiveness of time- 


: of-use rates and associated metering may not : 
: justify the extension of time-of-use rates to | 
: customers with small loads, 


In addition to time-of-use rates, Hydro is : 


: offering customers a Thermal Cool Storage : 
i program which uses incentives to encourage : 


4 


* 
* 


- | commercial customers to install equipment | 


| 


which uses ice or chilled water produced during | 
off-peak hours to cool large office buildings : 
during the day. 


- Direct Load Control 


: An alternative to influencing customer decisions | 


: through price signals is direct control of specific 


+ customer loads. Water heaters and space heating | 


: are the prime candidates. Special equipment : 


: would be needed in the form of larger tanks - 
- or special storage furnaces. In some applications, 


Industrial — 
MW TWh ¢ 
148 «(0.8 
350 0 
632 0 
360 1.6 
560 0 
798 

690 «3.5 
710 0 
967 é 
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a 


: the most economical way to provide customers 
with savings and Ontario Hydro with load shift- 
ing may be to use direct load control rather 
than time-of-use rates. 
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Providing incentives to reduce financial barriers to efficiency improvements. 


The combination of time-of-use rates, : 
: incentive-driven initiatives like the Thermal : 
Cool Storage programs, and direct load : 


control measures are expected to shift as 


: much load off the daily peak as the power : 


: system can use. 


| Capacity Interruptible Load (CIL) 
| Opportunities 


: for customers willing to trade reliability for | 


lower electricity bills. Under an interruptible 


contract customers agree to reduce their load : 


to a stipulated level on request from Ontario 


: Hydro, Requests to cut load would be made 
at times of supply limitation on the power | 


system (peak clipping), and are limited in 


: frequency and duration by contract conditions. 
: Interruptible customers receive a discount 


of contracted interruptible load. 
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The total capacity value of current inter- 
ruptible load contracts is about 1,000 MW. 


: Hydro’s planning recognizes, however, that 


not all interruptible customers would be con- 
suming electricity at their contract maximums 
when cuts might be called for. After taking 
this into account, it is estimated that about 


: 600 MW of reliable load reduction can be | 
: on their electricity rates based on the amount : 
: Hydro offers capacity interruptible contracts 


achieved in the event of inadequate supply. 


The forecast amount of capacity interruptible 


load is 702 MW (after allowing for diversity) 


20 


25 


35 


a) 
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Figure 7-77 Residential Sector Plan 


Plan (1990-94): 


Electrical Efficiency 

Audits 

Renovation advisory service 

High Efficiency replacement upgrades 
Water heater blanket 

R2000 homes 

EE housing standard 

Efficient Appliances 

Heat recovery ventilation 

Barn lighting & heating 

Barn energy management 

Hi Eff Sentinel lights 

Efficient lighting 

Seasonal to year-round conversion advisory 


Load Shifting 
TOU Rates 
billing is cost-effective. 


Direct Load Control 


OM&A $143 million 

Incentives $184 million 

1990 1991 1992 1993 1994 
° ° ° ° ° 
° . e ° ° 
° ° ° e e 
° ° ° « . 
° ° ° ° ° 
e ° ° ° . 
° ° : ° ° 
. . ° . ° 
° ° ° e e 
e ° ° ° e 
. e e . e 
° ° e ° . 


May be implemented by municipal utilities if the metering and associated 


May be implemented as a contingency if TOU rates for industrial and 


commercial customers do not yield sufficient Joad shifting, 


3 by the year 2000, assuming median load growth 

~ conditions; 599 MW assuming the lower growth; : 
‘ and 798 MW assuming the upper growth. 
In recent years there has been an increase : 
in the number of contract cancellations by 
' customers who perceive that the reliability : 
: of supply is likely to decline with a corresponding 
. increase in the frequency of interruptions. 
At the same time, other customers have been 
increasing the amount of load under contract. 
Overall, Hydro is forecasting that the amount | 
of interruptible load under contract will con- | 


tinue to grow at the same rate as the industrial 
sector load. If reliability deteriorates : 
significantly, the amount of interruptible load 
contracted can be expected to grow ata slower : 
rate or even decrease. Projecting CIL to grow 
at the same rate as other industrial load assumes 
reliability will not change significantly or that 
interruptible rates will be adjusted to maintain 


customer benefits. 


Some adjustment to this growth is needed : 
because some customers with capacity inter- : 
ruptible contracts may take advantage of time- | 
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of-use rates to shift load and reduce their con- 
> tracts. Still other customers maybe installing | 
cogeneration capacity, with a similar effect 
on interruptible load growth. : 


Nevertheless, interruptible rates are 


expected to continue to playa significant role 
: in deferring the need for new major supply 
and in helping to assure the reliability of supply 
to firm loads. 


_ THE DEMAND MANAGEMENT PLAN 


- Plan Levels 
In total, the Plan calls for over 3,000 MW 
: of peak power demand reduction by the 
: year 2000, through capacity interruptible con- 
tracts and the use of programs for electrical 
efficiency improvements and loadshifting. 
Planned levels for peak demand reduction. 
' are shown in Figure 7-14. : 


Figure 7~15 shows the levels for peak reduc- : 


tion for selected years for the load growth 
bandwidth, while Figure 7-16 provides a : 
breakdown of peak power and energy 
reduction levels by sector for the median 
load growth case. : 


: Comparison With US Targets 


In June, 1989, Ontario Hydro commissioned 7 
an independent expert review of demand man- 
agement targets. This study* was a comparative 
survey of demand management targets among 
large North American utilities. It was designed 7 
to determine how realistic and ambitious the : 
Ontario Hydro targets are. 3 


* (“Independent Consultant Review of Ontario Hydro 
Expectations and Targets for Demand Management : 
Activities, Third Report,” RCG/Hogler, Dailly, Ine, 
August 14, 1989) 
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Over50 ofthelargestNorthAmericanutile 


: ities (including 51 US and 8 Canadian) were gee nea 
' surveyed. Less than 30 had serious demand 


: management programs with specific targets, | Pian (1990-94): OM&A $118 million 
3 The results showed Ontario Hydro’s targets incentives $99 million 
: to be among the leaders in absolute (MW) —_ Electrical Efficiency 1990 1991 1992 1993 1994 
terms. In relative terms, the targets for 1995 . 34W fluorescent ° ° 

are in the middle of those utilities having serious Compact fluorescent ° ° 

targets. Ontario Hydro’s targets are second ' Lighting redesign ° ° 

: only to Duke Power for the year 2000. Streetlight pilot 2 

The main conclusions of the consultants _Streetlighting4 ° . 

are: EE ballasts ° 

* Ontario Hydro targets are ambitious in _ EE luminaires 

relative and absolute terms, especially forthe © T-8 lighting 


3 year 2000. 


: © The demand management savings are 
: programmed to occur over a compressed - 


- time period. 


¢ Proposed Ontario Hydro programs have good - 
- sectoral balance and diverse end-use focus. — 
* To achieve its overall goals, Ontario Hydro | 
» mustsimultaneously deploya fairly large number 
of programs, each of which must meetits target, - 


: if overall system targets are to be realised. 


2 Strategy for the Delivery of 
: Demand Management 


' In 1989, Hydro kicked off Phase Il of its energy 
management strategy with incentives supporting - 
load shifting and a wide range of electrical | 
efficiency programs (see Figure 7-2). Over 
: the next few years the array of programs will | 
; broaden, developing into acomplete portfolio ! 
: of programs aimed at increasing customer 
, value and decreasing the rate of growth of 
electrical demand. Ontario Hydro plans to | 
: spend of about $1 billion over these five years 
for program development and delivery, and - 
: R&D work required to support Plan initiatives 


to the year 2000. 


Electronic ballast 
Daylighting control 


Heat pumps ° 
Savings by design ° 
Occupancy sensors ° 


Air sealing/balancing 
Grnd source heat pump 
Cogeneration 
Submetering 

Building automation 
Thermal envelope 


Audits . 
Energy Service Co's ° 
Individual metering ° 


Architectural designs 

Shower heads ° 
Motors * 
Refrigeration 

Cook/ Chill 

Appliances © 


<The Demand Management Plan ~- Chapter Seven> 
7-22 


ft 


> 30 


: 35 


rf 
: : 
4 ' 
$ . 
s ‘ 
: . 
‘ P 
4 . 
‘ ‘ 
' ‘ 
* > 
* ® 
* Py 


: mercial and industrial. Within each sector, : 


Figure 7-18 Commercial Sector Plan {continued} 


7 
i Toad Shifting 


) Thermal Heat Storage 


‘ 


2 : 


Thermal Cool Storage 


60 gal wtr heater test 


Direct Load Control 


TOU Rates 


Figure f—19 


Plan (1990-94): 


Electrical Efficiency 
HE motors 

EE lighting 

Energy monitoring 
Customized rebates 


Load Shifting 
Off-peak charging 
Load controls 
Off-peak pulping 
Off-peak melting 


Interruptible Load 


1990 
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1991 


1992 


1993 


1994 


May be introduced for water heating in the Offices segment in 1991; to be 


implemented as a contingency if time-of-use rates do not yield sufficient 


load shifting. 


Progressive implementation of TOU rates for large commercial customers 


is expected. 


Industrial Sector Plan 


OM&A 


Incentives 


1990 


199] 


$147 million 
$ 34 million 
1992 


1993 


1994 
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Strategies have been established for each 
of the three market sectors ~- residential, com- | 


: programs are designed to meet the specific | 
: needs of customers and are based on anumber | 
: of program strategies. 


General Program Strategies 
¢ Working with municipal utilities and the 
MEA to develop and deliver an effective portfolio 
of demand management programs; 
¢ Using customized audits, as well as market 
and demand management research, to define 
efficiency improvement opportunities and mar- 
ket barriers, and to determine where incentives 
are necessary to implement such opportunities; 
: « Extending customer contacts to increase 
the visibility of energy management efforts, 
* Placing a high priority on accelerated devel- 
opment and testing of efficient electric products : 
to ensure their availability for use in programs; 
* Building a broader base of customer under- 
standing and acceptance of energy efficent 
_ products and lifestyles. : 
* Designing programs with flexibility to respond 
to changes in load growth and to changes in 
: the market place; : 
* Developing and delivering a broad portfolio 
of programs so that customers can choose 
programs that best suit their individual needs; 
« Integrating programs into the existing package 
of customer services now offered by Hydro 
and municipal utilities (e.g., energy information, 
customer advice, major accounts service, cost- 
sensitive rate structures, rate design reform 
; and helpful billing information); 
* Seeking opportunities for the private sector 
(energy consultants, architects, contractors) 
to assist Hydro and the municipal utilities in 
program delivery; 


' © Using pilot programs to limitrisksin untested — 


| program concepts; and, 


: @ Providing incentives to reduce financial — 


- barriers to efficiency improvements. 


: Residential/Agricultural Program 
' Strategies 


: © Developing customized programs to meet | 
: the specialized needs of energy-intensive | 


: agricultural operations; 


¢ Working with government and standards- : 
: setting bodies to raise electrical efficiency stan- 
: dards for appliances and energy efficiency in 


‘ building codes; 


' « Ensuring residential customer programs | 
: are highly visible to raise public awareness | 
: of the need and opportunities for efficiency — 


: improvements; and, 


3 ¢ Developing programs to cover many end : 


: uses and customer segments. 


- Commercial Program Sirategies 


: * Increasing electrical efficiency in all segments; 
: ¢ Targeting programs for delivery to large | 
existing customers in the largest regions : 
(Central, Eastern and Western), and to the - 


: largest utilities; 


: © Achieving maximum impact by increasing 
 staffavailable for both proactive and reactive | 


: customer contacts; 


- ¢ Accrediting utilities, distributors and con- 
' tractors for particular incentive initiatives in 
: order to increase the leverage of Hydro’s | 


: regional resources; and, 


: © Using training, research and service to | 
_ strengthen delivery channels and expand | 


relationships with allies; 
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Figure 7-20 Other Planned Work 


Plan (1990-94): 
¢ Long-range product R&D 


¢ Long-range program concept assessment 


OM&A 


$150 million 


¢ Enhancement of end-use load forecasting models and databases 


e Enhancement of screening models and methods 


¢ Development of administrative systems 


* Promotion of higher standards for buildings and electrical equipment 


¢ Improvement of relationships with allies and major customer organizations 


° Coordinated demand/supply planning 


Figure 7-21 Demand Management Plan 


Electrical Efficiency Improvement 


Lower 
Year End MW TWh 
2000 1600 8.0 
2014 2475 = 12.4 
Load Shifting 

Lower 
Year End MW TWh 
2000 800 0 
2014 1080 0 
Capacity Interruptible Load 

Lower 
Year End MW TWh 
1988 
2000 599 0 
2014 771 0 


<The Demand Management Plan - Chapter Seven> 
7-24 


Load Forecast 


Median 
MW TWh 
2000 =. 10.0 
3400 17.0 

Median 
MW TWh 
1000 0 
1280 0 

Median 
MW TWh 
763{actual} 
702 0 
890 0 


Upper 
MW TWh 
2500 = 12.5 
4250 =. 21.2 

Upper 
MW TWh 
1200 0 
1480 0 

Upper 
MW TWh 
798 0 
976 0 


i 2 


2 95 


: 95 


"Industrial Program Strategies 
e Employing a dual strategy to attract those : 
: customers most likely to adopt electrical savings : 
' measures. Immediate results will be pursued : 
: with medium and smaller customers; selected : 
"large customers are targeted to obtain large | 
| MW reductions over the long-term; : 
: ¢ Tailoring programs to meet the special needs : 
: of large customers; using general programs : 
: for smaller businesses; : 
: «Overcoming barriers through the intensive : 
use of audits and subsidized feasibility studies : 
to help customers assess load shifting and 3 
3 efficiency improvement opportunities; : 
2 * Making moderate use of incentives in pro- 3 
3 grams: tailored for large customers, standardized 
. for smaller customers; : 
' © Encouraging customers to get maximum 3 
' value from TOU rates through substantial : 
: information and technical support; : 
: @ Assisting allies’ efforts to market efficient : 
: products and processes through support of 3 
demonstrations and case studies; heavy use : 
: of information packages for allies and utilities; 7 
: ¢ Personal selling of electrical efficiency and 3 
: load shifting to large customers by Regions : 
: staff; relying on and assisting allies to influence 3 
: smaller customers; and, : 
; ¢ Assisting trade and technical associations 
’ in training and education related to electrical : 
, efficiency improvements. 2 
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Substituting high efficiency lights in municipalities is 


an important demand management program. 


The industrial sector accounts for 35% of the 


electricity used in the province. 
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: Demand Management Action Plan 


: Over the next five years and beyond, Hydro’s 
. plan is to get the greatest reduction in load 
: growth that can be accomplished economically 
through efficiency improvements, load shifting 7 
and capacity interruptible load contracts. The 
: plan levels are not ceilings - if it is possible i 


: to exceed them, Hydro will do so. 


: Program initiatives planned for 1990-94 
are listed in Tables 7-17 to 7-20. While many 
programs are shown to start in 1990 and con- 
tinue to 1994, the intensity of program delivery 
will grow rapidly through the period. Payment 
of incentives is planned to increase from 
$28 million in 1990 to $124 million in 1994. 


| CONCLUSION 


: The Demand Management Plan contains 
initiatives for load reduction through electrical 
efficiency improvements, load shifting through : 
time-of-use rates and direct load control, and 
; peak clipping through capacity interruptible 
load contracts. The planned levels to the years 
: 2000 and 2014 are shown in Figure 7-21. Year 
by year data are shown in Figure 7-22. Under 
the median load forecast, demand management 
programs are expected to be contributing a 
' total of 3,702 MW by the year 2000 and | 


5,570 MW by 2014. 


: These results will be achieved through pro- : 
grams designed to help customers make 
informed decisions about electricity use and 
provide incentives where needed to overcome 
3 barriers. The Plan’s success will depend 
on the active support of municipal utilities, 


electrical industry allies and customers. 


Hydro’s Demand Management Plan is 


realistic and challenging. 4 
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Figure 7-22 


Year 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 


* The Electrical Efficiency improvement and Load Shifting forecasts for 1989-2000 are based on the Load Forecast of 19881212. 


Demand Management Plan 


Cumulative Values 


880 
1120 
1360 
1600 
1663 
1725 
1788 
1850 
1913 
1974 
2038 
2100 
2163 
2225 
2288 
2350 
2412 
2475 
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3199 
4399 
5598 
6798 
7997 
8312 
8622 
8937 
9246 
9561 
9872 
10186 
10496 
10811 
11121 
11436 
11746 
12055 
12372 


Lower Load 


LS 
(MW) 
78 
161 
246 
387 
519 
576 
620 
663 
707 


1041 
1060 
1080 


573 


> 20 


: 25 


a) 


30 


5 


Figure 7-22 


1100 
1400 
1700 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2899 
3000 
3101 
3200 
3298 
3400 


Demand Management Plan (continued) 


Cumulative Values 


630 


1569 
2499 


5498 

6998 

8497 

9997 
10496 
10996 
11496 
11996 
12495 
12995 
13495 
13995 
14495 
14995 
15494 
15994 
16487 
16995 


Median Load 


LS 
(MW) 
81 
171 
266 
423 
582 
656 
717 
776 
836 
893 
946 
1000 
1020 
1040 
1060 
1080 
1100 
1120 
1140 
1160 
1180 
1200 
1221 
1240 
1260 
1280 
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1375 
1749 
2125 
2500 
2624 
2750 
2875 
3000 
3125 
3250 
3375 
3500 
3625 
3750 
3875 
4000 
4123 
4250 


Upper Load 
LS 

(MW) 

84 

180 

282 

455 

735 

728 


907 


940 


1273 
1636 
1817 
2125 
2594 
3065 
3531 
4007 
4498 
4655 
4816 
4976 
5137 
5296 
5454 
5611 
5767 
5922 
6078 
6235 
6391 
6546 
6706 
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8 THE NON-UTILITY GENERATION PLAN 


Non-utility generation (NUG) is electrical generation owned and 


operated in Ontario by electricity producers other than 


Ontario Hydro. Ontario Hydro is giving non-utility generation a high 


priority and it forms a significant part of Hydro’s integrated plans. 


: As such,contributions from economic non- 
: utility generation are factored into the planning 
: process at an early stage. 


This chapter examines the potential for 


: non-utility generation in Ontario, and the factors 
: related to this potential, and presents Ontario 
Hydro’s Non-Utility Generation Plan. The NUG 
Plan outlines the expected electricity contri- 
- butions from the non-utility generators for : 
the 25-year planning period considering both : 
purchase generation and load-displacement 
generation. 
: In Ontario, NUG provides additional elec- : 
: ‘tricity through renewable hydraulic generation, 


: generation. Because of the relatively small | 
scale of many NUG projects, they can be built 
' ina short time and can be adapted to local 
conditions. Furthermore, private sector pro- 
_ ducers take on some of the development and 
financing risks associated with electrical : 
generation projects. 


. Hydro’s Current Activities 
Hydro established a Non-Utility Generation 
Division responsible for promoting economic : 
non-utility generation in Ontario. Although As of January 1989, the estimated capacity : 
this type of generation is not new to Ontario, 
Hydro’s policy gives it much greater emphasis ; 
- now than it has in the past, especially where ° 


: such generation is produced from renewable 
| or waste resources, or at high efficiency. As 
- part ofits promotional activities, Hydro conducts 
an annual workshop with non-utility generators, 
provides technical and financial assistance to 
qualifying developers and participates in several 
: committees in order to encourage the 


_ NUG industry. 


For non-utility generators with capacities | 


' up to 5 MW, Hydro will purchase electricity : 
: atboth flatand time-differentiated rates, under : 
: standard contract conditions. Special contract : 


conditions may be negotiated at the request : 


needs of individual projects. 


_ of the generator to help meet the specific ‘ 
: use of waste fuels and energy efficient co- : 


For NUG projects with capacities greater 7 
than 5 MW, Hydro purchases the electricity ° 


' atrates up to avoided cost. To streamline and : 


standardize the treatment of these projects, : 


Hydro has established a structured solicitation 


CURRENT NUG STATUS 


: process for generation capacity, as described | 
: later in this chapter. 


of non-utility generation in service in Ontario : 


_ was 1,288 MW. Of this total, 26 MWis classed 


as purchase generation. The remainder is load- 
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A 


NUG Concepts ; . 


Non-utility generation (NUG) is electrical genera- 
tion owned and operated in Ontario by electricity 
| producers other than Ontario Hydro. Non-utility 
generators include private and municipal utilities, 
and private power producers. The electricity they 
- generate may be either purchased by Hydro for dis- 
tribution to its customers, or else used to meet the 
producer's own electricity needs. 
Non-utility generation which is sold to Hydro is 
known as “purchase” generation. The generators 
: involved are interconnected with the province-wide 
transmission and distribution network. Like pur- 
chases from other utilities, purchase generation is 
considered to be a supply option. 
On the other hand, non-utility generation which 
supplies electricity to meet the producer's own 
needs, or is directly purchased by a customer other 
- than Hydro is referred to as “load-displacement” 
| generation. It is so termed because such generation 
: displaces load which Hydro would otherwise have 
been responsible for supplying. 
In assessing the contribution of non-utility 
_ generation to meeting Ontario's electricity require- 
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ments, it is useful to categorize the generation 
involved according to the primary energy and 
energy conversion process. As indicated in 


Figure 8-1, non-utility generation uses three differ- : 


ent primary energies: falling water; conventional 
fossil fuels, chiefly natura! gas; and waste fuels, 
chiefly wood waste, landfill gas (LFG) and municipal 
solid waste (MSW). 


NUG projects are also categorized in terms of 
the three different generation processes in common : 
use. These are hydraulic, cogeneration and other : 


thermal processes. 


Cogeneration is a process in which generators 2 
simultaneously produce electricity and process 
' Purchase Generation ; 
As of January 1989 there were 24 purchase 


heat for other energy applications. Cogeneration 


makes efficient use of fuel, thereby helping the 


cogenerator get the most value from the energy : 
input and improving the competitive position of 


Ontario industries. Cogeneration uses either fossil 


fuels such as natural gas or coal, or waste fuels : 


such as wood waste and spent pulping liquor. 


NUG Primary Energy 


Figure 8-1 


and Conversion Processes 


Primary Energy 
Conversion Falling Natural Energy- 
Process Water Gas From-Waste ; 
Hydraulic e = -| 
Cogeneration - ° ° 
Other Thermal - ° bd 
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displacement generation, most of which has | 
' been in-service for many years. Current pur- 
chase and load-displacement non-utility 
generators in service and their capacities : 
are provided at the end of this chapter in : 
Figures 8-11 and 8-12. 
| The contribution of the various NUG 
primary energies and conversion processes 
; to Ontario’s electricity supply is noted in 
Figure 8-2. 
| Aswith major supply facilities, NUG projects | 
eventually reach the end of their service lives 
and have to be retired. Between now and the 
year 2000, it is estimated that NUG facilities 
representing some 200 MW will be retired 


from service. 


generation facilities in service with a total : 
capacity of 25.6 MW. Two of these projects 
: account for 43% of the installed capacity, 
with the other 22 projects making up the | 
remaining 57%. 
| The year-to-year growth in purchase 
generation capacity in megawatts (MW) and 3 
: energy in terawatt hours (TWh) are shown 
in Figure 8-3 and Figure 8-4 respectively. During 
_ 1987, purchase generators supplied Hydro 
: with 0.075 TWh of electricity. This amount : 
- increased by 25% to 0.094 TWh in 1988, 
: Although the current levels of purchase 
generation are relatively low, a number 3 
of new projects are at various stages of 


implementation and negotiation. 


Load-Displacement Generation 
As of January 1989, the bulk of Ontario’s non- 
utility generation was load-displacement 2 
generation. There are over 60 customer facilities. 


25 


: 35 
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currently in-service, with a total installed capacity 
: of about 1,262 MW. 


Figure 8-2 : 
The installed NUG capacity is evenly split 


Installed NUG Capacity (MW) — January 1989 


Primary Energy : between hydraulic and thermal generation. : 
Conversion Falling Natural Coal/ Energy- During 1988, these generators produced a 
Process Water Gas Diesel From-Waste total of about 5 TWh of electricity, or roughly : 
Hydraulic 702 - - - 4% of the total electrical generation in the 
Cogeneration - 438 80 54 province. Some of these generators occasionally 
Other Thermal - 6 4 4 sell electrical energy to Hydro. This is done 
Total 702 444 84 58 : at their own discretion, when particular gen- 
% of Grand Total 55% 34% 8% 5% erators are producing more electricity than 
Grand Total = 1,288 MW they need. These “at-will” sales of surplus power 


amounted to 0.07 TWh in 1988. Figure 8-4 
: breaks down the overall NUG energy growth : 
: trend into purchase contracts and at-will sales. 


_ FACTORS INFLUENCING NUG POTENTIAL | 


The development of non-utility generation 
: reflects marketplace forces and their impact | 
Figure 8-3 Purchase NUG Capacity In-Service : on profitability. All the factors outlined ; 
: in this section have a role to play in the : 


development of Ontario’s NUG industry. 


: @ Hydraulic 
¥ _e Rate of Return on Investment 
Non-utility generation must be profitable or 
” else potential investors will look elsewhere. : 
= Therefore, achieving an acceptable rate of : 
= return on investment is the first and most 
critical factor affecting the viability of a non- 
‘ utility generation project. Based on past 
5 experience, it appears that rates of return 


on investment in the range of 15% to 20% : 
_ are required by a developer before a : 
non-utility generation project will be | 


JR EE 


1982 1983 1984 1985 1986 1987 1988 
Year 


3 undertaken. 
: The rate of return offered by non-utility 
generation projects is closely linked to several 
other factors, as noted below. 
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Figure 8-4 Energy Purchased from NUGs 


0.2 


0.15 


TWh 


0.1 


0.05 


1982 1983 


1984 


Purchase Rates and Avoided Cost 


- for electrical capacity and energy from non- 


- is directly linked to the purchase rate offered. 


:  Hydro’s policy allows for the total cost of 
| the purchase to be equal to or less than the | 
3 avoided cost to the system as a whole. This 
- policy ensures that Hydro’s customers will pay 


: no more than if the power and energy purchased 


‘plus any financial assistance provided, plus 


supply prices. 


1985 
Year 


® Load Dis- 
placement 

BM At-Will 
Purchase 
Contracts 


1986 1987 1988 


Hydro would incur in providing the same elec- : 
- Customer and Government Support 
Non-utility generation is endorsed by the 
capacities up to 5 MW, the purchase rates cur- ; 
rently offered are somewhat higher than esti- 


For non-utility generation projects with 


mated avoided costs. These higher rates are : 


designed to stimulate the initial development 
of small non-utility generation projects. 


ities greater than 5 MW are evaluated on a 
: were produced by Hydro. The total cost of 
- the purchase consists of the purchase rate, | 


case-by-case basis. Evaluation of avoided cost 


considers factors such as reliability, the timing : 
and location of deliveries, and the planned 
- any other contract terms that result in actual : 
or potential costs to Hydro. The latter includes 
items such as the sharing of financial risk asso- : 
ciated with potential increases in natural gas 


and committed supply requirements. 


Favourable Tax Treatment 
NUG development is also sensitive to tax 


: treatment. The taxation system in Canada 
:  Itisthis total cost which must be evaluated : 
: against the system avoided costs. As explained : 
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: Energy resources like solar and wind may be 
: developed by non-utility generators. 


of specific capital costs during the early 
years of a non-utility generation project (a 
Class 34 capital cost allowance). Hydro anti- 
cipates that most non-utility generators will 
: in Chapter 6, the avoided cost is the cost that 
Purchase rates are the prices that Hydro pays : 
3 trical supply as that of the non-utility generator. 
utility generators. The rate of return on invest- 
* ment, and thus the level of NUG development 


meet the qualifications for such tax treatment. : 


Ontario Government and by many of Hydro’s 
2 commercial and industrial customers. Such 
: support is evidenced in the Government's policy : 
" on parallel generation (another term for non- ; 
"utility generation), released in July 1989, which | 
Non-utility generation projects with capac- : 


states that “the Government will reduce barriers 


to the development of economically and envi- 
ronmentally sound parallel generation in the 
Province while protecting the interests of 
Ontario ratepayers.” 
| The policy also recommends that Hydro’s 
solicitation process be designed to achieve a 
“target of 1,000 MW of parallel generation? 
| by 1995” and ‘provide the flexibility to achieve 
an additional 1,000 MW by the year 2000.” 
currently allows for an accelerated write-off Continued government and customer support ; 


: is necessary to attain the levels expected in | 


: 20 


25 


: 30 


20 


3 : 


a5: 


: Hydro expects that over 400 MW of hydraulic 


non-utility generation will be developed over 


: the next 20 years. 
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the NUG Plan. Without this support, industry : 
would be less interested in investing in 


: non-utility generation projects. 


The NUG Plan assumes that there will be | 


: nochange in the regulatory framework which 
: would have an adverse effect on the ability 


of NUG generators to obtain timely approvals. 


. Availability and Price of Natural Gas 
: The implementation of non-utility generation 
_ | projects depends on the availability and price ; 
# of fuel. Natural gas is particularly important : 
: asitis expected to fuel 70% of Ontario’s NUG 
> potential in the coming years. The assessment | 
: of NUG potential is based on the expectation 3 
| ; that natural gas will continue to be readily : 


available, and that non-utility generators will 


‘ continue to be able to contract for it at an : 
: acceptable price. 


Hydro’s forecast of gas prices is presented 


: in Chapter 15. Dedicated base load generation ‘ 
: from gas is not economic, whether such gen- 
eration is from NUGs or Ontario Hydro. 


However, these forecast prices are economic 


: for peaking application. Also base load co- : 
' generation may be economic. If prices should 
» rise above Hydro’s gas price forecast, it will 


make gas-fueled co-generation less competitive. 


POTENTIAL AND ATTAINABLE NUG 


: This section presents Hydro’s forecast of non- 


utility generation expected to come into service 
over the 25-year planning period. The forecast 
begins with a review of the technical potential : 


: of projects fueled by natural gas, falling water : 
: and waste fuels that could be developed by 
: non-utility generators. By factoring in equip- 
: ment costs, fuel costs, interest rates, return 
: oninvestmentrequirements and estimates of 


Redpath Refineries has a generating capacity 
: of 2.5 MW. 


i oper’s perspective. The amount of NUG capacity 
: that Hydro estimates will be constructed is : 
: then derived by factoring in considerations : 


: such as capital availability and individual 
: choices of generation processes. 


:  Indeveloping the estimates of NUG poten- 
tial, NUG projects are grouped according to 
: their primary energy. Three categories of gen- 
eration are considered and assessed separately: 
: will be replaced by cogeneration facilities at 
the same time. These projects will be developed 
as dictated by prevailing economics or the 
: : Hydraulic Generation : 
Over the next 10 to 20 years, it is expected 
that most of the hydraulic non-utility generation 
: projects in Ontario will have capacities of 
10 MW or less. Sites with larger capacities are 


: © Natural Gas-Fueled; 
: * Falling Water; and 
: © Waste Fueled. 


3 Natural Gas-Fueled Generation 


The majority of new non-utility generators 
' are expected to be fueled by natural gas. These 
: will consist primarily of cogeneration facilities. : 
: Cogeneration accounts for about 90% of 
the thermal or approximately 50% of all the 
non-utility generation capacity installed to 
date. The major fuel for these facilities is natural 
gas. Cogenerators are in a good position to : 
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produce electricity at a competitive cost, due 
to their fuel conversion efficiency. : 
Cogeneration potential is based on estimates : 
of the actual demand for steam in the province. 
To estimate the technical electricity potential 
of cogeneration, it is assumed that existing 
conventional boilers are replaced by cogen- 
eration facilities. Based on available studies, 
the technical potential is estimated to be 6,400 
: MW for the industrial sector and 6,200 MW 
for the institutional, commercial and residential 
sectors combined. 


To refine this technical potential into an 


the project is capable of earning. Assuming : 
Hydro’s purchase rates, this technical NUG 
potential is translated into a forecast.of the 
potential that is economic from the NUG devel- 


that the customer will require a minimum 
internal rate of return of between 15% and 
20%, and factoring in estimates of purchase 
rate, gas price and equipment costs, the eco- 
nomic potential of cogeneration is estimated. 

For the industrial sector this amounts to 
5,500 MW. Although the technical potential 
of the commercial and residential sectors is 
large, only a small percentage of itis economic. 
It has been estimated that about 30 MW of 


such cogeneration is economic. 


: need for equipment replacement. When these 
: considerations are taken into account, it is 
estimated that about 1,200 MW of the cogen- | 


eration potential could be attained by the year 


2000. This is based on the assumption that 


60% of the economic cogeneration capacity 
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development will amount to 35% of the total ; - 


: potential at each site. 
| Fifteen per cent of the remaining economic 
potential is expected to be developed by the 
year 2014. This will amount to approximately 
50 MW per year between the years 2000 | 
, and 2014, fora total additional development 


of 750 MW. 


Some of the cogeneration capacity will be 
used by the generator for load-displacement 
: and some will be sold to Hydro as purchase 
: generation. Based on currently identified pro- 
jects, a split of 60% load-displacement and : 
estimate of economic potential, the non-utility | 
generation costs are compared with the revenue 


40% purchase generation is forecast. 


The technical potential of natural gas-fueled 
non-utility generation for electricity production 
only is estimated at 4000 MW. In the current : 
NUG Plan, such generation is not seen as making 
a significant contribution, since natural gas 
is a relatively expensive fuel. This is particularly : 
true of base load generation, where gas-fueling 
is likely to be more expensive than Hydro’s 


avoided costs. 


Nevertheless, natural gas-fueled generation 
has arole to playin the Demand/Supply Plan. 
Furthermore, Hydro’s assessment indicates, 
that gas-fueled generation may be economic 
Notall existing steam generation facilities for peaking operations, and that future oppor- 


tunities may therefore exist for natural : 


gas-fueled NUG peaking plants. 


: more likely to be developed by Hydro, asnoted : 
will be developed before the year 2000. For : 
these projects, it is further assumed thatinitial : 


in Chapter 12. 


The total known undeveloped hydraulic ‘ 
: potential in Ontario amounts to about : 
: 12,400 MW. The amount available for non- : 


35 


20 : 


25 


30 


Figure =5 
1989 NUG Plan 

Conversion Technical 
Process Potential 
Hydraulic 860 
Cogeneration 12,600 
Other Thermal 4,500 
Total 17,960 


utility generation however is reduced by a 


: number of factors. These include: 
' © sites under consideration by Hydro for | 


development; 


¢ remote northern rivers which are environ- : 
: mentally sensitive; 
¢ the prohibition on development in parks; : 


and, 
* high development costs. 


imately 490 MW is expected to be economic : 
and achievable over the next 25 years. Of this, | 
- approximately 311 MW could be attained 
' by the year 2000. Achieving this level will : 
require good coordination among Hydro, | 


the Ministry of Natural Resources and private 


' Industry. 


Waste-Fueled Generation 


: Waste-fueled generation facilities can burn : 
- fuels such as municipal solid waste (MSW), : 
. landfill gas or wood wastes to generate electricity. : associated with the Proposed Plan are lower : 
' They are limited to those locations where there | | 
is sufficient availability of these fuels to sustain 


: their development. 


In Ontario, 20 centres have been identified 


: as having sufficient population density to support : 
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Summary of Potential and Attainable Non-Utility Generation Capacity (MW) 


Economic Attainable Attainable 
Potential by Year 2000 By Year 2014 
490 311 490 

5,530 1,178 1,900 
300 146 300 
6,320 1,635 2,690 


: projects producing energy from MSW and : 
- landfill gas. This amounts to 300 MW of technical 


potential, Assuming a success rate similar to : 


that of natural gas-fueled cogeneration, about 3 


100 MW of generating capacity is forecast to : 


- be attainable by the year 2000. This includes - 


35 MW which is already in service or committed. 


The technical potential for wood waste- 


fueled generation is estimated to be 200 MW. : 
Of this total, 50 MWis forecast to be attainable | 
by the year 2000, with an annual growth rate 3 
: of 6% thereafter. : 

A summary of the technical, economic, | 
potential and attainable non-utility generation | 
; for Ontario is provided in Figure 8-5. ; 
/  Theattainable NUG capacity depends upon | 
' the avoided cost associated with the overall 3 
* Proposed Demand/Supply Plan. : 


Illustrative avoided costs are presented in 


Chapter 16 of this report. The avoided costs : 


: A growth rate of 6% per year is forecast after : 
. the year 2000. | 
All of the above factors reduce the total : 
. potential. Based on known projects, approx- | 


: Natural gas is a major fuel source for 


cogeneration. 


than avoided cost evaluations in recent years : 


because of two major factors: 


: reduced; and 


¢ the expected future coal costs have been : 


¢ the Proposed Plan is well defined and is : 
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The paper industry is a significant non-utility 
: generator. 
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lower cost than the plans assumed during the 


past few years. 
The illustrative avoided costs in Chapter 


: 16 are lower than avoided costs assumed in : 
: the development of the NUG potential. : 
: Accordingly, the attainable economic NUG : 
: capacity may be overestimated. This uncertainty 
' of NUG yield is small compared with the load | 
: forecast uncertainty. 


- General Considerations 3 
: The smaller, localized and more dispersed | 
: nature of NUG projects across the province, | 


suggests that their environmental and com- 


: Munity impacts are generally less than those 

' : ofconyentional generation options which are : 
larger, more centralized, and take longer to ; 
: build. Thus, costs and benefits associated with 
NUG developments tend to be highly localized. 


Overall, there isa public preference for NUG 


: projects and there is likely to be an increasing : 
' preference for them in the future. 

Depending on location, the dispersed nature 3 
of NUG projects may pose problems of incor- : 
: poration into Hydro’s BES (bulk electricity : 
| system). The environmental effects associated 
with their incorporation may be significant : 
if these sites are located some distance from : 
: existing lines. 
A variety of NUG projects is likely to be | 
' undertaken in Ontario. The main categories | 
: include: gas-fueled cogeneration, municipal 
: solid waste incineration, wood waste burning : 


and small hydraulic generation.There are 


: specific environmental concerns associated : 
: with each of the NUG categories. These are 


discussed below. 


25 
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| Gas-fueled Cogeneration 

' Most of the 2,690 MW of non-utility generation 
proposed to be developed over the next 
25 years, is expected to be from natural gas- 
fueled cogeneration. These gas-fueled projects 
will produce some air emissions (i.e. NO,, : 


are expected to be minimal. There may be 
: some potential effects associated with providing : 
: projects that generate less than 10 MW. They | 


: gas pipeline access to a site if a right-of-way 
: are usually developed on rivers that have existing 


: does not already exist. 
: Co-generation projects can make industries : 
more energy efficient and hence, more com- 
petitive. To the extent that this allows industries 
to prosper, there may be indirect employment 
and development benefits. : 


Municipal Solid Waste Incineration 
| Municipal solid waste (MSW) facilities offer | 
: an opportunity to both reduce local landfill 
: requirements and produce electricity. Generally, 
however, MSW facilities have been strongly 
opposed in urban areas, as they are a perceived 
health risk by the public. The public has con- | 
| cerns that toxins (e.g. dioxins), resulting from 
the burning of plastics, can be released from 
MSW facilities. The delivery and stockpiling 
of garbage associated with the operation of 
a MSW facility also causes concerns about traffic, 
noise, and odour in the communities surround- 
ing the plant. 
The problem of toxic emissions can be effec- 
tively managed with appropriate emission con- 
trol equipment. However, toxic materials 
removed from flue gas generally end up in 
the ash produced by the incinerator. The 
toxic nature of these wastes requires care- 
ful landfill practices to ensure that leachate 


: js controlled. ; uses such as boating. Construction of the dam : 
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Since new MSW facilities will likely be sited 
close to large urban areas, environmental control 
requirements are expected to be very stringent 
and expensive. Prudent processing of wastes, 
as well as proper buffering from surrounding 
' communities, will also be important at these : 
' CO, CO.) and have some measure of con- | : 
sumptive water use. Waste disposal concerns 


facilities. 


Small Hydraulic Generation 


Small hydraulic developments are defined as | 


control structures or dams that are not currently 


used for power generation. Many of these struc- 
tures were originally installed for flood control 
purposes. Some dams were previously used 
: for other industrial purposes such as grist 
milling. In other cases, new dams may be con- 
structed at sites on smaller waterways, close 
to local industries requiring electricity. From 
the viewpoint of sustainable development, small- : 
scale hydraulic development is a good option 
as it makes use of an indigenous, renewable 
resource. Public support for further hydraulic 
and water level fluctuations are minimal. 
Generally, therefore, there is little impact on 


development is also high. 
Redevelopment of existing control structures 


and dam sites is expected to have little adverse 
environmental effects. There may be, however, : 
: Wood Waste Burning Plants 


some short-term, localized effects on flows 


and sedimentation patterns in the affected 
waterway as a result of repairing structures, 
installing equipment or dredging headponds. 
Planning these construction activities to occur 
in periods of low river use reduces potential 
: can be accommodated on existing kiln sites, 


negative impacts. 


Development of a new dam on a waterway : 
can have significant effects on resident fish : 


populations by disrupting spawning and migra- 
tory patterns, as well as other existing water 


: can also have some temporary, localized effects : 
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The NUG plan recognizes the opportunity for 


small hydraulic development. 


on flows and turbidity, but careful construction : 


i planning should minimize long-term impacts. : 


In particular, blasting must be timed to avoid 
biologically sensitive periods such as spawning : 
seasons. : 

As most small hydro facilities tend to be 
operated as run-of-the-river (non-peaking) 
plants, there is only limited reservoir storage 


upstream or downstream flow patterns. 


As wood waste burning plants are generally ; 
developed in conjunction with existing pulp 
and paper operations, facilities are usually 
located in Northern Ontario where most forestry 
activity occurs. Facility development generally : 


Wood burning produces atmospheric emis- 
sions (CO, CO», NO,, and particulates) as : 


: well as ash residue that requires disposal. : 
: Appropriate stack emission controls and waste 


management practices can manage these « 
environmental problems. 


: Construction of a wood waste generation | 
facility in a northern community with high 
unemployment may provide asignificant local : 
- stimulus for economic developement. There : 
is also potential for host industries to become 
more competitive if energy savings are realized 


: with these facilities. 


_ THE NUG PLAN 


Ontario Hydro is committed to promoting 
"and developing the maximum achievable level 
- of economic non-utility generation. The NUG | 
' Plan outlined here is ambitious and Hydro — 
is undertaking a variety of activities to ensure | 
the Plan is realized. The levels set by the Plan 
represent both committed, site-specific projects 
and a general forecast of attainable non-utility 
generation based on Hydro’s estimates of 


: economic NUG potential. 


Eleven committed NUG projects totalling : 
: 172MWwere under construction at the begin- - 
' ning of 1989. This includes the 90 MW cogen- | 
eration project at Fort Frances, a three-party : 
: agreement between Boise-Cascade, Inter-City : 
Gas Utilities and Ontario Hydro. Developers : 
meeting future electricity needs, NUG retire- 
: indicated to Hydro that they are committed | 


_ ofanother 23 facilities totalling 216 MW have 


: to construction of their projects. 


: Apart from these committed projects, the - 
NUG Plan provides an aggregate forecast of 
| NUG additions over the next 25 years, In devel- - 
; oping this forecast, Hydro has used the estimates 
presented earlier in this chapter for attainable | 
_ NUG. The total capacity of non-utility additions 
_ is forecast to be 1,635 MW by the year 2000, 


and 2,690 MW by the year 2014. 


As with Hydro’s own system, the inevitable : 
_ Tetirement of NUG facilities reduces generating | 
: capacity unless facilities are replaced. In order : 
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Figure B-6 1989 NUG Plan 


Median Forecast 


Attainable Capacity (MW) 


Purchase Load Displacement Annual Net 

Net Accumulated 

Year Additions Retirements Additions Retirements Growth Growth 
1989 28 0 62 “7 73 73 
1990 27 0 98 17 108 181 
1991 171 0 83 17 237 418 
1992 86 0 96 17 165 583 
1993 86 0 96- 7 165 748 
1994 73 0 50 17 106 854 
1995 73 0 51 17 107 961 
1996 72 0 39 17 94 1055 
1997 75 0 36 17 94 1149 
1998 80 0 31 17 94 1243 
1999 86 0 25 17 94 1337 
2000 75 0 36 7 94 1431 
2001-04 194 0 96 68 222 1653 
2005-09 237 3 120 85 269 1922 
2010-2014 235 73 120 85 197 2119 


to determine the net capability of NUG for : 


ments must be subtracted from new additions 
' to generation. 3 

Asindicated in Figure 8-6, there is expected 
to be 1,431 MW of net growth in NUG capacity 
by the year 2000 after allowing for facility | 
retirements. By the year 2014, the forecast | 
net growth in NUG capacity is 2,119 MW after : 


allowing for retirements. 


The forecast comprises two components, 
: purchase generation and load-displacement, 
3 - load-displacement NUG refers to those projects 
that would have developed in the absence of 


which are shown separately in Figure 8-6. 


Purchase generation is a supply option used 
to meet the primary load. The forecast | 
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net additions to purchase generation are : 
: 932 MW by the year 2000 and 1,522 MW by | 


the year 2014. 


Load displacement generation is similar : 
to demand management and represents areduc- ‘ 


tion to the basic load forecast. 


Figure 8-7 shows that the net additions | 
forecast for load-displacement NUG projects : 
is further divided into two categories: induced 
and natural. “Induced” load-displacement NUG 
refers to those projects that are a direct con- 
sequence of Hydro’s NUG programs. “Natural” 


any action by Hydro. 


: 25 


5 


5 


Figure &—-7 


(Natural and induced) MW 


NUG Load Displacement and Demand Displacement 
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Annual Cumulative 
Annual Net Net Induced 
Annual Net Demand Demand 
Net Load Displacement Dependable Displacement Displacement 

Year Additions Induced Natural Induced Natural Induced Natural 
1989 45 61 —16 55 -14 59 —15 59 
1990 81 46 35 4| 32 43 33 102 
1991 66 78 —12 70 -11 74 -11 176 
1992 79 71 8 64 7 67 8 243 
1993 79 71 8 64 7 67 8 310 
1994 33 25 8 23 7 24 8 334 
1995 34 26 8 23 7 25 8 359 
1996 22 15 7 14 6 14 7 373 
1997 19 12 7 11 6 11 7 384 
1998 14 7 7 6 6 7 7 391 
1999 8 1 7 1 6 1 ry 392 
2000 19 12 7 11 7 11 7 403 
2001-04 28 16 12 14 10 15 11 418 
2005-09 35 20 15 18 14 19 14 437 
2010-14 35 20 15 18 14 19 14 456 


Naturally occurring non-utility generation : 
: is forecast by extrapolating historical values. 
_ The difference between this extrapolated value 
and the forecast of total load-displacement 
| generation represents the generation induced 
: by Hydro’s programs. Because of the incentive- 
driven nature of virtually all purchase generation 
- NUG projects, purchase NUG projects are not | 
‘ categorized in this fashion, 

| Naturally occurring load-displacement 
? generation is accounted for in the basic load ; 
- forecast, while both natural and induced : 
| : installed capacity. 


as described in Chapter 9, 


factors: dependable capacity and demand dis- 
placement. Factoring in dependability reduces 
; the total forecast of load-displacement NUG 
capacity available to account for effects such 
as outages and low river flows. The dependable 


capacity for all load-displacement non-utility 
generation is considered to be about 90% of 
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Similar to demand management options, | 


- load-displacement NUG facilities generally ; 
reduce Ontario Hydro’s transmission line losses. 
To credit load-displacement generators for 
this benefit, a 5% allowance is made for line | 
: losses in determining the demand displacement 
: of Ontario Hydro generation. The resulting ; 
net demand displacement values are shown 
: in Figure 8-7. 


Figure 8-8 shows the forecast net capacity : 


' additions from the NUG Plan for purchase | 
generation (in terms of new capacity additions 
net of retirements) and for load-displacement 
generation (in terms of induced demand dis- 3 
placement net of retirements and transmission : 
: line losses). 


As far as energy is concerned, new non- : 


utility generators are expected to have high : 
; capacity factors. As a group, an average annual 
: capacity factor of 80% is expected. This is : 
largely a result of the energy-based purchase : 
rates currently offered. Under these rates, : 
non-utility generators earn their highest rate 
of return on investment when they operate 
at high capacity factors. 


The forecast electricity production from | 


: non-utility generation additions is shown in | 
| Figure 8-9. ; 
load-displacement generation are included 
in the computation of the primary load forecast, 


Upper and Lower Load Forecasts 


: The Plan forecasts make one other major | 
Asis also indicated in Figure 8-7, Hydro’s : 
: planning must take account of two other 


assumption: that the electricity system will 


: develop according to the projections contained | 


in the median load forecast. Changesin load 
growth will affect the NUG forecast through 
associated changes in the economy and changes 
in avoided costs. The latter will in turn have 
an impact on purchase rates. As the load growth 
: forecast increases or decreases, so does the 
forecast of non-utility generation additions. 


: In this manner, non-utility generation adds : 


flexibility in responding to load changes. 


: tions corresponding to the upper- and lower- : 
: bound load forecasts is required for planning : 
purposes. These have been derived from the : 


oad ep reer snes en esr er acne eae e errr ewanatteen De eenrrwennees 


Anticipation of non-utility generation addi- : 


median forecast of the NUG Plan and are shown 


in Figure 8-10. 


Regardless of actual load growth Hydro’s 
basic aim would remain the same: to continue 
to promote the maximum attainable economic 
non-utility generation through purchase rates 
: set at levels up to avoided costs. 


| THE NUG PLAN: IMPLEMENTATION 


A variety of activities must be undertaken to 
realize the NUG Plan. In addition to the pro- 
7 motion, development and administration 
_ responsibilities of Hydro’s NUG Division, non- 
- utility generation projects require the involve- 
: ment of a number of Hydro divisions with 
various responsibilities: scheduling of power 
; generation facilities; long-term planning of 
: the electricity system; transmission intercon- : 
nection requirements; equipment design and 
safety; and metering of capacity and energy | 


: purchases. 


not be enough. Pursuing the maximum 
economic NUG potential will require a sus- 
tained and coordinated effort on the part of 
all parties involved: manufacturers, developers, 
fuel suppliers, consultants, financiers, 
government, municipal utilities and large : 


But efforts by Ontario Hydro alone will : 


: steam users. 


agement, Hydro’s role is to make the orga- 
: nizational and procedural changes that will : 


Asis the case for encouraging demand man- : 
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Figure 8-8 NUG Plan Capacity Net Purchase NUG 
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Figure 8-8 NUG Plan Capacity Net Induced Demand Displacement 
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Figure 8-9 NUG Median Energy Forecast 
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12. placement 
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Figure it 


Region 
Central 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Georgian Bay 
Georgian Bay 
Georgian Bay 
Georgian Bay 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northwestern 
Northwestern 
Northwestern 
Western 
Western 
Western 
Western 
Western 
Total 


Purchase NUG in service as of January 1, 1989 


Company 

Tricil Ltd. 

Fleming Feeds 

Casselman Small Hydro 

Galetta Power Ltd (Multistream) 
Marsh Hydro Power (Trent Valley) Inc. 
Multistream Power Corporation 
Nelson Fraser 

Rideau Falls Generating Partnership 
Williamsford Feed 

Burk’s Falls Waterpower Corporation 
Von Teichman 

Wilson Mill 

Black River 

Chapleau Cogeneration Ltd. 

Marsh Hydro Power Inc. 

Scarfe Lake Electric Company Ltd. 
Dorian Fish Hatchery 

Sundridge Power Corporation 
Sundridge Power Corporation 

Grand River Conservation Authority 
Grand River Conservation Authority 
Pittens Farms Ltd. 

Richard and Brenda Kuiper 

Upper Thames River Conservation Authority 
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Generating 

Generation Capacity 
Process (KW) 
Thermal/MSW 4231 
Hydro 50 
Hydro 375 
Hydro 800 
Hydro 1200 
Hydro 325 
Hydro 50 
Hydro 2000 
Hydro 40 
Hydro 1000 
Hydro 135 
Hydro 70 
Hydro 490 
Cogen/Wood-Waste 7000 
Hydro 600 
Hydro 2000 
Hydro 16 
Hydro 2880 
Hydro 1000 
Hydro 150 
Hydro 690 
Thermal/Biomass 40 
Hydro 110 
Hydro 400 
25652 


: 35 
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facilitate the development of economic non- : 
: utility generation. Many of these changes have 
: already been made or are underway. 


- Solicitation for Capacity 
; Hydro is implementing a solicitation : 
: process for non-utility generation capacity. 
; Under this arrangement, Hydro will 
: issue periodic requests for proposals (RFP) 
, to solicit projects with capacities above 5 MW. 
: The underlying philosophy is to ensure 
: non-utility generators fair and consistent 
treatment. 


Numerous utilities in the United States 


- and more recently in Canada have adopted « 
competitive bidding for non-utility generation. 
In order to give the non-utility generation : 
_ industry more time to gain experience in deter- | 
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The heating system in the hospital serving this community cogenerates steam and electricity. 


mining the costs of doing business, Hydro : 
: has introduced an open solicitation process 
: rather than a competitive bidding process. 


petition among projects. 


In the open solicitation, projects submitted 


: must satisfy certain requirements before being 
considered. The requirements ensure that each 
2 project considered will benefit customers, 
' generators and Ontario’s electricity system. 
Project criteria are based in part on the techni- 
: cal requirements of the high voltage delivery 
system. They also include consideration of | 
the degree of project proposal development 


and financial viability, to ensure that the 
proposed project will operate reliably through- 
out the contract period. 
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As the non-utility generation industry : 


: Matures, various aspects of the competitive | 
: bidding process will be incorporated into : 
: With this process, there will be no direct com- : 


the periodic solicitations. Once the bidding : 


process has become fully competitive, Hydro : 
- will regularly issue an RFP for a specified block 
_ of capacity. In response, potential non-utility 
"generators will submit proposals to supply some : 
portion of this capacity. These proposals will 
. be ranked according to a set of selection criteria ; 
encompassing both financial viability and tech- : 
_ nical considerations. 


Prospective generators will then have the 
opportunity to negotiate and enter into firm : 


contracts with Hydro. This competitive bidding 
process will be similar to those implemented : 
- successfully by other utilities. 3 


' Financial Assistance 


In order to provide further encouragement 
: to the industry, Hydro plans to allocate about 
: $40 million annually for financial assistance, 3 
most of which will be applied as low-interest - 
loans. The assistance is a way of providing i 
- higher rates of return to the customer or devel | 
oper in the short-term. Over the long-term : 


: the cost of the assistance is recovered through 


: alower contracted purchase price. In all cases, : 
: the cost of any loan plus the purchase cost - 


: must be within the avoided cost. 


Hydro will also contribute to the cost of - 
consultant studies to determine the technical | 
and financial feasibility of an eligible project. : 
3 As well, Hydro will provide joint funding 
- of some technology development and - 


: demonstration projects. 


| Other Activities 


In addition to the above, Hydro has undertaken - 
: a number of other programs and activities. 
: As noted earlier, Hydro has over the past two 
: years conducted annual workshops for prospec- 
tive non-utility generators. The purpose of - 
these sessions has been to promote non-utility | 
generation in Ontario and to openly discuss | 
current NUG issues with non-utility generation - 
industry representatives. The workshops have 
been well attended and received by the industry. | 


Hydro also participates in several committees 


: concerned with non-utility generation devel- 
- opment. One such committee is the Non-Utility 
: Generation Advisory Council (NUGAC), chaired - 


by the Ministry of Energy. NUGAC provides 


; a forum for dialogue among Hydro, industry : 
: and government on the subject of developing 


: non-utility generation in Ontario. 
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Region 
Central 
Central 
Central 
Central 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Eastern 
Georgian Bay 
Georgian Bay 
Georgian Bay 
Georgian Bay 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 


Figure #12 Load Displacement NUG inservice as of January 1, 1989 


Company 
Kodak Canada Inc. Ltd. 
Redpath Sugar 


St. Lawrence Starch Company Ltd. 


Stelco 

Almonte PUC 

Alvin Beeler 

Bancroft 

Campbellford 

Canadian General Electric 
E.B. Eddy Forest Products Ltd. 
Eganville 

Gananoque L&P 

Gananoque L&P 

Ottawa Hydro 

Pembroke HEPC 
Peterborough PUC 

Renfrew 

Trent University 

University of Ottawa 
Bracebridge Hydro 

Orillia Water L&P 

Orillia Water L&P 

Parry Sound PUC 

Abitibi Price 

Algoma Steel Corporation 
Boise Cascade Canada Ltd. 
Denison Mines Ltd. 

E.B. Eddy Forest Products Ltd. 
E.B. Eddy Forest Products Ltd. 
Frontier Lodge 

Great Lakes Power 

INCO Metals Company 
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Generation 
Process 
Cogen 
Cogen 
Cogen 
Cogen 
Hydro 
Hydro 
Hydro 
Hydro 
Cogen 
Hydro 
Hydro 
Hydro 
Thermal/Diesel 
Hydro 
Thermal/Diesel 
Hydro 
Hydro 
Hydro 
Cogen 
Hydro 
Hydro 
Thermal/Diese! 
Hydro 
Hydro 
Cogen 
Cogen 
Cogen 
Hydro 
Cogen 
Hydro 
Hydro 
Hydro 


Generating 


Capacity 
(KW) 
1000 
2500 
3250 

10000 
840 
20 
260 
2075 
2000 
9300 
400 
6130 
5770 
12306 
1610 
4100 
1980 
2220 
1300 
2000 
14512 
2136 
1340 
97895 
26250 
3750 
1600 
13870 
2500 
80 
235575 
46890 
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Pet oe de a oe 
Figure @=T2 


Region 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northeastern 
Northwestern 
Northwestern 
Northwestern 
Northwestern 
Northwestern 
Northwestern 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 
Western 

Total 
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Company 

INCO Metals Company 

Kinsmen Park 

MacMillan Bloedel 

MacMillan Bloedel 

Malette Kraft 

Malette Kraft: Smooth Rock 

Rio Algom 

Spruce Falls Pulp & Power Co. Ltd. 
Spruce Falls Pulp & Power Co. Ltd. 
Weldwood of Canada Ltd. 

Boise Cascade (Fort Francis) 
Boise Cascade (Kenora) 

Cdn Pacific Forest Product, Dryden 
Cdn Pacific Forest Product, Thunder Bay 
James River Marathon 

Ministry of Government Resources 
Brantford Water Treatment Plant 
Canadian Niagara Power 
Canadian industries Ltd. 

Dow Chemical 

Elora Mill 

Gary Folkema 

General Chemical Canada Ltd. 
Hiram Walker 

James Wilson & Sons Ltd. 

Polysar Ltd. 

St. Jacob’s Country Mill 

St. Lawrence Seaway Authority 
Tage Hansen 

University of Western Ontario 
Victoria Hospital 


Load Displacement NUG in service as of January 1, 1989 (continued) 


Generation 
Process 
Cogen 
Hydro 
Cogen 
Hydro 
Cogen 
Hydro 
Cogen 
Hydro 
Cogen 
Cogen 
Hydro 
Hydro 
Cogen 
Cogen 
Cogen 
Hydro 
Hydro 
Hydro 
Cogen 
Cogen 
Hydro 
Hydro 
Cogen 
Cogen 
Hydro 
Cogen 
Hydro 
Hydro 
Cogen 
Cogen 
Thermal/MSW 


Generating 


Capacity 
(KW) 
18750 
200 
10000 
9350 
15000 
6250 
1500 
54600 
21600 
750 
29800 
28000 
6666 
80570 
15500 
20 
140 
94675 
25000 
238650 
110 
15 
10950 
7500 
80 
51031 
90 
12000 
400 
1300 
6250 
1262196 


<Non-Utility Generation Plan - Chapter Eight> 


8-17 


Further beneficial programs, which address : 


| the specific needs of the industry, will be devel- 
: oped and implemented as necessary. These : 
include programs such as financial assistance 
and remote community development. Hydro 
will also continue to issue information and 
promotional material to inform stakeholders 
: both within and outside of the Corporation. 


_ CONCLUSION 


It is Ontario Hydro’s stated objective to maximize 
: the utilization of economic non-utility gen- 
eration. Based on an assessment of current : 
projects and the existing potential for new 
generation, it is estimated that approximately : 
2 1,600 MW of additional non-utility generation 
capacity can be attained by the year 2000. 3 
Achieving this will not be an easy task. While : 
Hydro has undertaken anumber of actwities, 
a sustained and coordinated effort on the part 
of private industry, customers, financiers, gov- 
ernment, other utilities will also be required. 


The achievement of the forecast level is : 


also highly dependent on external factors such 
as natural gas prices, industry steam require-. 
ments and tax treatment. The flexibility built : 
into the Demand/Supply Plan will help Ontario 
Hydro mitigate the uncertainties surrounding 
: such issues. : 


The NUG Plan for 2014 is as follows: 


| * Purchase NUGS (net): 1522 MW 3 
: © Demand Displacement (net induced): : 


456MW. « 


< Providing the Balance of Power> 


7 


oe nae 


Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7 Chapter 8 Chapter 9 Chapter 10 
Basic Load The Existing Requirement for Costing Concepts The Demand The Non-utility The Primary Rehabilitation 
Forecast System Demand/Supply and Management Generation and Firm Plan 
Options Avoided Costs Plan Plan Load Forecasts 


<The Primary and Firm Load Forecasts ~ Chapter Nine> 


<Providing the Balance of Power> 


e4é&e & &@% 4 4 


Chapter 11 Chapter 12 Chapter 13 Chapter 14 Chapter 15 Chapter 16 Chapter 17 Chapter 18 
Requirement for The Hydraulic Requirement for Major Supply Major Supply Avoided Cost Demand/Supply Action Plans 
New Supply Plan Major Supply Options Plans Determination Plans 


9 THE PRIMARY AND FIRM 
LOAD FORECASTS 


Chapter 3 discusses the Basic Load Forecast which is the 
customer electricity demand (power and energy) 
in the absence of certain Ontario Hydro programs designed to 


influence that demand. 


Chapters 7 and 8 describe the plans for reduc- : 
' tion in demand through Electrical Efficiency 
: Improvements (EEI), Load Shifting (LS) 
and Load Displacement — Non-Utility | 
' Generation (LD-NUG). : 
This chapter discusses the resulting lower 
level of demand forecast which is called the : 
Primary Load Forecast. The Primary Load 
Forecast is the forecast of power and energy 3 
which Ontario Hydro would normally generate 7 
- or purchase in order to meet customer | 
demands. The Primary Load Forecast is pro- : 
' duced annually and takes account of the impacts : 


' utility generation programs and projections 
3 of their future impacts. Capacity Interruptible ; 
Loads (CIL), discussed in Chapter 7, further : 
reduce the peak demand when required. 
When the Capacity Interruptible Loads are 
subtracted from the Primary Load Forecast, : 
the result is the Firm Load Forecast. The Firm 
Load Forecast is used to determine supply 
requirements. 


In Chapter 3, the Basic Load Forecast is 


: presented as a bandwidth to reflect the un- 
certainty in future demand. In Chapter 7, the 
plans for Electrical Efficiency Improvements 
| (EEI), Load Shifting (LS), and Capacity | 
Interruptible Loads (CIL) vary with the upper, 
median and lower growth forecasts. Thus, the 


median Primary Load Forecast is the median 
Basic Load Forecast less the plans, correspond- 
: ing to the median growth, for Electrical 3 
: Efficiency Improvements (EEI), Load Shifting : 
" (LS), and Load Displacement - Non-Utility | 


Generation (LD-NUG). 


The upper and lower Primary Load Forecasts 
: are derived in a similar manner. : 

The median Firm Load Forecast is the 
median Primary Load Forecast less the cor- 
responding Capacity Interruptible Loads. : 
Similarly the upper and lower Firm Load : 
' Forecasts are the upper and lower Primary 


of past Hydro demand management and non- : Load Forecasts less the corresponding plans : 


for Capacity Interruptible Loads. 


_ The Primary Load Forecast : 
The median Primary Load Forecast for peak : 
- power and energy is illustrated in Figures 9-1 
and 9-2. These two figures show the reduction : 
in the Basic Load Forecast resulting from 
the Electrical Efficiency Improvements (EE]) 
' plan, the Load Shifting (LS) plan and Load | 
3 Displacement - Non-Utility Generation : 
- (LD-NUG) plan. : 

The Primary Load Forecast used in this 
document is based on the Basic Load Forecast 
issued in December, 1988, and the demand 
management and non-utility generation plans 
developed by September, 1989. The upper, : 
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Figure 9-1 Primary and Firm Load Forecasts — Peak Power Demand 


Electrical 
Efficiency 
Improvement 


Load Shifting 


Load Displace- 


ment NUGS 
Customer 


Interruptible 
Loads 


_— Ss 
Firm Load Forecast 


1990 1995 2000 2005 2010 2014 
Year (January) 


Figure $-2 Primary And Firm Load Forcasts ~ Annual Energy Demand 


TWh 


Basic Load Forecast 


Median 

Electrical 
Efficiency 
{mprovement 


Load Displace- 
ment NUGS 


Primary Load Forecast 


1990 2000 


Year 


1995 2005 2010 2014 
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Figure 9-3 


Year 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 


*January 1989 Actual Primary Load was 23.1 GW. 


Primary Load Forecast - 


January Peak Power 


Demand (GW) 


Lower Median 
22.7 23.2* 
22.3 23.7 
22.5 24.2 
2.) 24.9 
22.8 25.5 
22.8 25.8 
22.8 26.2 
22.8 26.5 
22.6 26.7 
22.8 27.1 
22.9 27.5 
23.2 28.1 
23.9 28.9 
24.9 29.8 
25.3 30.4 
25.8 30.8 
25.6 31.0 
25.8 31.3 
26.3 31.8 
26.8 32.2 
27.2 32.6 
27.7 33.0 
28.3 33.4 
28.7 33.9 
29.2 34.3 
29.7 34.8 


Upper 


24.0 
24.8 
25.7 
26.8 
27.9 
28.5 
29.3 
29.9 
30.3 
30.9 
31.5 
32.3 
93.2 
34.3 
35.1 
35.5 
35.8 
36.2 
36.5 
36.8 | 
37.1 | 
37.4 | | 
37.6 
38.0] 
98.3° | 
38.6] 


30 


: 95 


20 3 
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Year 
1989 


: | 1990 


1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 


Lower 
131 
132 
133 
135 
135 
135 
136 
135 
136 
138 
140 
142 
148 
152 
154 
155 
156 
158 
161 
165 
167 
171 
174 
176 
179 
182 


Figure 9-4 Primary Load Forecast 
Annual Energy Demand (TWh) 


Median 
137 
139 
143 
149 
152 
155 
158 
168 
161 
164 
167 
171 
179 
182 
186 
187 
189 
192 
194 
197 
199 
202 
205 
208 
210 
214 


Upper 
141 
146 
152 
159 


235 
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median and lower primary load forecasts 
are tabulated in Figure 9-3 for peak power 
demand and in Figure 9-4 for energy demand. 
For the year 2000, the demand reduction : 
plans result in 7.1% energy reduction and 
9.8% peak power reduction relative to the 
Basic Load Forecast. The impact on peak 
power is expected to be greater than the impact 
on energy because time-of-use rates only 
affect peak power. Figure 9-5, shown below, 
illustrates this. 
Over the 1988-2000 period, the median 
Basic Load Forecast for peak power increases 
by 8.1 GW. The demand reduction plans for 
_ the same period are 3.0 GW (EEI of 1.7 GW, | 
- LS of .946 GW, and dependable LD-NUGs of 
388 GW by January 2000). This means the - 
demand reduction plans meet 37% of the 


Figure 9-5 Daily Load Shifting — Power 


25 GW Typical Daily Load Shape 


20 


Hour 
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Before Load 
Shifting 
After Load 
Shifting 


Figure 9-6 Average Year-Over-Year Growth Rates : 


: 
‘ 
: | 
: 
: 
H 


{ Period 

| 1988-1995 
- | 1988-2000 
1988-2010 
| 1988-2014 


Figure 9-7 Demand Levels (January figures) 


Period 

1988 Actual 
1990 

1995 

2000 

2005 

2010 

2014 


Firm 
2.3% 
1.9% 
1.8% 
1.6% 


Firm 
21.9 
22:9 
25.6 
27.4 
30.3 
32.3 
34.0 


Peak 
Primary 
2.1% 
1.8% 
1.7% 
1.6% 


Peak (GW) 


Primary 
22.6 
23.7 
26.2 
28.1 
31.0 
33.0 
34.8 
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Median Load Forecast 


Basic 
2.8% 
2.7% 
2.3% 
2.1% 


Energy 


Primary 


Median Load Forecast 


Basic 
22.6 
23.8 
27.5 
31.1 
34.9 
aro 
39.8 


2.3% 
2.0% 
1.9% 
1.8% 


Basic 
2.8% 
2.71% 
2.3% 
2.2% 


Energy (TWh) 
Primary Basic 
134.4 134.4 
139 140 
158 163 
171 184 
189 205 
202 220 
214 234 
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median Basic Load Forecast increase. For 
the same 1988-2000 period, the median Basic 
i Load Forecast for energy increases 
by 50 TWh. The demand reduction plans for 
this period reduce basic energy demand by : 
13 TWh, corresponding to 26% of the basic 
| load forecast increase. 


' Firm Load Forecast 
i Figure 9-] and Figure 9-2 also illustrate the : 
Firm Load Forecast. It should be noted that 
the Capacity Interruptible Load reduction is 
for peak power only. The supply system is 
planned to have sufficient capacity to meet 
' the Firm Peak Load reliably. 
: The Firm Peak Load Forecast is derived 
by subtracting the forecasted contribution of 
: Capacity Interruptible Load from the Primary 
Peak Load Forecast. The Firm Energy Load 
Forecast is the same as the Primary Energy 
Load Forecast because the frequency and dura- 
tion of load interruptions are relatively small : 
and the customers’ lost production may be 
made up at a later date. The Primary Load 
Forecast and the subtraction of the Capacity 
Interruptible Load gives the Firm Load Forecast. : 
These forecasts are illustrated in Figure 9-1. 


2: 


35: 


Year 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
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Lower 
GW 
22.0 
21.6 
21.9 
22.1 
Zee 
22.2 
22.2 
22.3 
22.0 
22.2 
22.3 
22.7 
23.3 
24.3 
24.7 
25.1 
25.0 
25.2 
2517 
26.2 
26.6 
27.1 
27.7 
28.1 
28.5 
29.0 


Figure 9-8 Firm Load Forecast 


January Peak Power Demand 


Median 
GW 
22.4* 
22.9 
23.6 
24.3 
24.9 
25.2 
25.6 
25.9 
26.1 
26.4 
26.8 
27.4 
28.2 
29.1 
29.7 
30.1 
30.3 
30.6 
31.0 
31.4 
31.8 
32.3 
32.7 
33.1 
33.6 
34.0 


“January 1989 Actual Firm load was 22.4 GW. 


Upper 
GW 
23.2 
24.0 
25.1 
26.1 
27.2 
27.9 
28.6 
29.2 
29,5 
30.1 
30.8 
31.5 
32.4 
33.5 
34.3 
34.7 
35.0 
35.3 
35.7 
36.0 
36.3 
36.5 
36.8 
37.1 
37.4 
37.7 
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Forecasted Growth Rates 
: and Demand Levels 
Figure 9-6 shows the growth rates for | 
selected periods for the firm, primary and : 
basic load forecasts. This tabulation shows : 
: how the demand reduction plans reduce the 
growth rate. For example, in the period from : 
: 1988-2000, the demand reduction plans reduce 
: the Basic Load Forecast peak demand growth 
: rate of 2.7% to the Primary Load Forecast 
' growth rate of 1.8%. For energy, the corre- | 
sponding reduction is from 2.7% to 2.0%. 


Figure 9~7 shows the demand levels for : 


the Firm, Primary and Basic Load Forecasts : 
: for energy and power (peak) for the 26-year 
: period from 1988-2014. : 


The upper, median and lower Firm Load 3 


: Forecasts are tabulated in Figure 9-8. e 


— so oe ee oe toe on ‘ee 


Chapter 3 
Basic Load 
Forecast 
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Chapter 12 Chapter 13 Chapter 14 
The Hydraulic Requirement for Major Supply 
Plan Major Supply Options 


Chapter 15 Chapter 16 Chapter 17 
Major Supply Avoided Cost Demand/Supply 
Plans Determination Plans 


10 THE REHABILITATION PLAN 


Chapter 4 provided a brief description of Ontario Hydro’s existing 


and committed generation facilities. Throughout the 


25-year planning period, more of Ontario’s primary load will be 


provided by these facilities than from new supply. 


- Atthe end of this period, existing generation : 
: facilities are expected to supply about two- : 
: thirds of the total primary energy demand : 
: for the median load forecast. Making the best 
use of existing stations is given a high priority 
- in the Demand/Supply Planning Strategy. 
As existing facilities operate and age, they | 
: will deteriorate. Furthermore their operation 
may have to conform with new regulations. These 
: facilities may require rehabilitation involving 
major expenditures to ensure continuing safety, : ¢ Rectify deteriorating performance in the : 
economy and environmental protection. Improv- 3 
: ing the performance of existing facilities can 
be more economic than building new facilities, 
: and maximizes the benefit of existing assets. 7 
3 This chapter has four objectives: define : 
what is meant by rehabilitation; describe plans 
: for ensuring good performance from Ontario : 
Hydro’s existing hydraulic, fossil and nuclear 
"stations; describe the role of mothballed facilities 
: in the bulk power system; and outline how : 
redevelopment of hydraulic and fossil sites 
fits in with the Demand/Supply Plan. 


| REHABILITATION CONCEPTS 


Rehabilitation isa major restoration or improve- : 
ment of a generating unit’s long term per- 
formance which assures or extends the life 
expectancy. Over the course of the unit’s life, 


it will receive maintenance and from time to 
time capital modifications may be undertaken. : 
' When large amounts of work are required | 
3 throughout the station, a major rehabilitation 
may be needed. As illustrated in Figure 10-1, : 
: the boundaries between maintenance, capital : 
modifications, and rehabilitation are not : 


precisely defined. 
Rehabilitation is carried out to: 


long term; 


e Ensure compliance with new environmental : 


and safety requirements; and, 


: Replace inefficient or technically and : 


economically obsolete equipment. 


Although rehabilitation requires major out- : 
ages to carry out the necessary work, it does | 
not include significant changes to the primary | 


electricity production process. 


Performance of Generation Facilities 


: Some equipment in generating stations is : 
designed to operate for the stations full service | 
' life. Other equipment, however, requires : 
replacement during the station’s service life. 
The causes of deterioration in performance 


include: 
¢ Aging; 


: © Operating time; 
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a 


oN 


Chapter 18 
Action Plans 


Figure i? 


Type of 
Deterioration 
Corrosion 
Cracking 
Creept 
Fatigue 


Erosion 


Causes Of Deterioration On Plant Equipment & Components 
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Figure 10-1 Rehabilitation & Performance 


Restore 
and improve 


Maintain 


Performance 


Safety 
Environment 
Reliability 
Economy 


Causes 


Steam and water impurities, coal constituents which may result in acidic deposition 


Extended use and wear out 
High steam temperature, pressures or radiation 


Stress induced vibrationally or thermally, periodic steam forces, electrical forces 
High velocity water and steam and particles such as coal and fly ash 
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* Operating patterns (eg. start-and-stop cycles); 
_and, | ! 
* Stress (high operating temperature and 
3 pressure). ; 
Equipment components deteriorate due , 
to anumber of phenomena which may depend : 
, on the electricity production process as outlined 
. in Figure 10-2. ; 
3 The Rehabilitation Plan is a set of major 

programs to restore performance that has : 
severely deteriorated; to improve performance; 

or to meet new requirements. : 
Declining reliability of a station is an indi- 
cator of equipment deterioration. Figure 10-3 
illustrates a typical trend for age-induced unavail- 
ability. During normal operation most equip- 
ment exhibits a basic pattern for reliability, : 
commonly referred to as the “bathtub” curve. : 
Rehabilitation provides for potential gains 
in reliability as illustrated in Figure 10-3. : 


_ Improvements To Existing Facilities 
: During the operating life of a generating station, 
opportunities arise which lower costs through 
: improving efficiency and increasing power : 
: output. Improvement may also be related to 
: environmental or safety performance. : 
: The following are examples of improvements 
: being made to existing facilities: : 
* New flue gas conditioners are being installed 
to enhance the capture of fly ash particulates 
in the precipitators to permit the use of low : 
; sulphur coal. These conditioners are being 
installed on all units at Lambton, Nanticoke 
and Lakeview. 


2 


1 85 


25: 


30: 


% 


3 ¢ The turbine-generators at Bruce A nuclear 
: station have recently been modified to increase 
| the station output by 400 MW. With this | 
: modification the turbines can use the excess | 


' production. 
: There has been ongoing work since the mid- : 


: stations. 


| HYDRAULIC GENERATION 
: REHABILITATION PLAN 


3 expected 90 year service life, as illustrated 


: planned to be rehabilitated or redeveloped 
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: On an ongoing basis to make continuing use 


: of this renewable energy source. 


: steam previously intended for heavy water : 


There are four hydraulic rehabilitation 
programs: 
* Small Hydraulic Assessment & Retrofit 


: Program 


: 1970s to increase output from existing hydraulic : 


* Turbine Upgrade Program 
¢ Process Control Improvement Program 


: © Dam Safety Assessment Program 


: Small Hydraulic Assessment & Retrofit 
- Program 


3 Thirty-seven of the 68 hydraulic stations have 


unit capacities of 10 MW or less. The Small 


: Many of the hydraulic generating stations built 


in the early 1900s are nearing the end of their : (SHARP) was launched in 1988 to assess the 


Hydraulic Assessment & Retrofit Program 


: condition and identify potential concerns asso- 


: in Figure 10-4. Almost all of the capacity is : 
: willinclude technical and financial evaluation | 


ciated with these facilities. The assessment | 


Figure 10-3 Reliability Trend of Generating Unit 


2 Reliability 
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25 potential 
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teething wear-out 
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“ 


The Rehabilitation Plan is a 


set of major programs to 
restore performance that has 

severly deteriorated; to 
improve performance; or to 


meet new requirements. 


Rehabilitation at Meyersberg 


Generating Station. 


: The Hearn Generating Station. 
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: ofall aspects of the generating facility: structure, 
: equipment, water availability and potential : 
: energy production. Recommendations will 3 
: be made to rehabilitate, redevelop or retire 3 
: each facility. Implementation of the SHARP : 
' recommendations will span a 20-year period. | 


- Turbine Upgrade Program 
' The Turbine Upgrade Program began in 1974, 3 
_ with the objective of identifying and upgrading _ 
- sites which were underdeveloped (high flows — 
- relative to station discharge capabilities) or : 
: underutilized (poor turbine efficiency).Some | 
' 5] units have been upgraded, mostly through , 
: runner replacements or runner blade angle : 
: changes. As a result, average annual energy : 
' production has increased by over 300 GWh, : 
and installed capacity by about 272 MW. | 
: Upgrades that could potentially yield additional 3 


: Monitoring emissions. Retrofitting scrubbers is a major component of the Rehabilitation Plan. 
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capacity and energy are being studied on an | 


ongoing basis. 


Process Control Improvement Program 


The Process Control Improvement Program | 


involves the installation of modern control 


: and instrumentation equipmentin hydraulic : 
: stations. The program is directed to: 3 


* improve reliability; 
* reduce operating costs; and, 


* improve operating flexibility with more | 


effective control equipment. 


Dam Safety Assessment Program 


A Dam Safety Assessment Program is also under- : 


way, to ensure the safe and reliable operation 


of Hydro’s aging dams, reservoirs and hydraulic | 
structures. Rehabilitation work will be initiated 


based on the findings of this program. 


: 30 


: 35 


2 : 


35 


Figure 10-4 


Age (years) 
Oto 25 

26 to 50 

51 to 75 
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Age Of Existing Hydraulic Stations 


1989 2014 
No. Of Units Capacity (MW) No. Of Units Capacity (MW) 
18 1396 0 0 
107 4048 18 1396 
86 970 107 4048 
54 78 140 1048 


Figure 10-5 Age of Existing Fossil Capacity 


M <25yrs 
™ 25to 40 yrs 
@ >40yrs 
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| FOSSIL GENERATION 
| REHABILITATION PLAN 


A large part of Hydro’s fossil generation is : 
at or approaching the half-way point of an 
: expected 40-year service life, as illustrated i 
: in Figure 10-5, and consequently is experiencing : 
: the effects of aging. Aging effects arise from : 
: a combination of its years in service, total 3 
: number of operating hours and the number 
: of times the unit has been started and stopped. 2 
: These effects are a function of exposure to 3 
high temperatures and pressures, and the : 
: changes in these variables. Thermal cycles, 3 
2 where the temperatures and pressures are 
: repeatedly changed, also have an impact on 3 
2 aging effects. Fossil generating units undergo 2 
: many thermal cycles through startups and shut- 
downs because of the role of these units in 
supplying peaking and intermediate loads, 
: and in meeting the generation shortfalls created 
: when other generation is out of service. In 
: addition, there are small, but more frequent, 
| thermal cycles as the electrical output is raised : 
: and lowered to follow changes in demand during : 
: the day. 2 


Experience has shown that deterioration | 


3 in equipment and unit reliability becomes pro- 
3 nounced once a fossil unit has operated for 
: about 100,000 hours and has experienced about | 
1,000 startup and shutdown cycles. Of the large 
: fossil units in the bulk power system, the : 
_ Lakeview and Lambton units have accumulated 
: these levels of operating hours and startups. 7 


The reliability of the fossil generating units : 


: has been deteriorating in recent years. The : 
Lakeview units have been operating for the 
past 20 to 27 years and their reliability has 
decreased significantly in the recent past. To | 
 alesser extent, the Lambton generating units 
- have also decreased in reliability. 


— 


: Turbine unit upgrades at hydraulic stations 


have resulted in increased energy output. 
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- Acid Gas Reduction Plan 
- The Ontario Government’s regulation to control : 
: Hydro’s acid gas emissions requires Hydro : 
: to reduce its emissions in three stages as outlined : 
: the capture of fly ash particulates in the pre- | 
cipitators. This will assist Hydro in complying : 
with the regulated emission limit in the early : 


: various control options and put in place the : 1990s and beyond. 


: in Chapter 4. 
-  Hydro’s approach to controlling its acid : 
: gas emissions over the long term is to develop : 


: most appropriate ones, as and when required. | 


; categories: reduction of coal use, reduction : 
F - of the sulphur content in fuel, development : 
! 3 of clean-coal combustion technologies and 
f= installation of emission control technology. : 
Mw : Each one of these options is being considered 
4 4 on an ongoing basis. Ontario Hydro’s Program Environmental : 
Hydro has committed capital expenditures : 
- to install flue gas conditioners at the Lambton, 


_ Nanticoke and Lakeview coal-fueled generating : 
stations. The conditioners will provide the : 
stations with the ability to burn lower sulphur : 
coal to reduce acid gas emissions, and enhance : 


Modified burners were installed at : 
Control options can be divided into four broad " Nanticoke, in the 1985 to 1987 period, to reduce 2 
nitrogen oxide (NO,) emissions at the station : 
by about 35%. Further combustion process 


modifications for NO, control are being planned : 


for Nanticoke and other stations. 


The Ontario Government recently approved : 


Assessment for acid gas control, which facilitates ; 
: installation of scrubbers at the larger fossil : 


: As stations age, they require additional repairs 
and eventually rehabilitation. 
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> 20 


: 25 
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stations. Installation of the first pair of scrubbers : 
on two 500 MW units at Lambton by 1994 2 
: has been committed. : condition of Lakeview. Rehabilitating Lakeview 
| The type of acid gas controls and timing : : 
: will depend on the various demand and supply ; 
will enable the eight units to operate, on average, 


until 2006 by which time they will have reached 


' options selected. Chapter 15 details the acid 
_ gas control facilities for the different plans. : 


2 Rehabilitation Plans For Fossil Stations 

: In the mid 1980s, Hydro initiated studies to 
: assess the condition of fossil stations, owing : 
2 to the decline in reliability of the generating : 
: units, and concern that the stations might : 
: have to be permanently retired. Premature : A study is underway to identify the condition 
: shutdown of existing fossil generation facilities 
: would add to the demand/supply requirements : 
: in the near term and decrease the generation : 


capability of the existing system. 


: Installing a scrubber is a major construction 


project. 
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Lakeview Rehabilitation 


was examined and compared with other options. : 
Rehabilitating the station is economic, and : 


their expected 40-year service lives. In March 
: 1989, the Ontario Hydro Board of Directors | 
: approved the rehabilitation work at Lakeview 


over the 1990 to 1994 period. 


Lambton Rehabilitation 


: of systems and components at Lambton. The : 
study will identify rehabilitation work needed : 
to reverse the trend of decreasing reliability. : 
: Depending on the scope of the rehabilitation : 


_ needs, the work would likely be carried out : 
In 1986, a study was initiated to assess the : 


over the 1992 to 1995 period in conjunction | 
with the installation of scrubbers. 


Other Fossil Stations 
The Nanticoke units were placed in-service : 
between 1972 and 1978. Alternative options | 
to ensure the 40-year expected service life ; 
for this station are under consideration. 

Lennox, Thunder Bay 2 & 3 and Atikokan 


: stations were installed in the late 1970s or : 
: early 1980s. These stations are relatively new 3 
: and specific rehabilitation plans are not required : 
: for some time. | 


Figure 10-6 Age of Existing & Committed Nuclear Capacity 


GW 
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Stack repair at the Lakeview Generating Station. 
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" NUCLEAR GENERATION REHABILITATION 
: PLAN : 


Nuclear generating units are younger on average : 
: than hydraulic or fossil generating units, as 
' illustrated in Figure 10-6. 3 
CANDU units are less prone to physical 
deterioration than fossil units because they 
are base loaded (less thermal cycling) and E 
3 operate at much lower temperatures and pres- 
= sures, However, some reactor components do 
operate in a radiation environment which causes 
deterioration. ; 
The availability of the older nuclear gen- 
erating units has declined in recent years. 
The main contributing factor is the need for 
fuel channel retubing. 
There are two main rehabilitation programs 
underway for the nuclear stations: 
¢ Fuel Channel Rehabilitation; and, 

¢ Nuclear Plant Life Assurance program. 


Fuel Channel Rehabilitation 
A comprehensive fuel channel rehabilitation 
program has been in place since 1984. There 
are three main categories of fuel channel 
rehabilitation: 
¢ Repositioning End Fittings and Bearings 


(REFAB) 


As a result of radiation in the reactor fuel 
channel the pressure tubes grow in length. 
The REFAB program resupports pressure tubes 
: onto their end fittings and bearings. 
¢ Large Scale Fuel Channel Replacement 
| (LSFCR) 
Pressure tubes are not designed for the 
full service life of the nuclear stations. In light 
of metallurgical deterioration with age, reactors 
will require replacement of all or a major fraction 
i of their pressure tubes during their expected ; 


i 40-year life time. 


: 35 


20: 
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Figure 10-7 Fuel Channel Rehabilitations (Nuclear Units) 


2000 


1500 


500 - 


MW outages occurring at time of winter peak 
=) 
S 
| 


0 


Workers repairing a generator at the Pickering 
: Nuclear Generating Station. 


1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 


Year 
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: Spacer Locating and Repositioning (SLAR) : 


Reactor fuel channels comprise pressure 


: tubes and calandria tubes, separated by spacers : 
2 (garter springs). In some early reactors, spacers : 
' have been found to be out of position. This : 
: program is to inspect, locate and where nec- : 
: essary, reposition these spacers. This is not : 
: a problem for newer reactor designs such as : 
: Bruce B and Darlington. 3 


These three programs may apply to indi- : 


: vidual nuclear generating units, depending | 
3 on the original equipment design, materials 
used, experience gained from the rehabilitation, : 
3 and a better understanding of the mechanism : 
: that defines fuel channel lifetimes. 


Figure 10-7 is a preliminary schedule for 2 


: the fuel channel rehabilitation work illustrating : 
: the capacity outages expected during the winter : 
: peak periods from 1989 to 2014. 


: Nuclear Plant Life Assurance 3 
3 A Nuclear Plant Life Assurance program is 3 
: underway to identify specific projects (in areas : 
3 other than fuel channels) to ensure the expected : 
4 : service life of nuclear generating units. ; 


The following are three examples of this : 


: life assurance program: 


Nuclear units in the U.S. and other countries : 


: have required replacement of steam genera- : 
: tors. Hydro’s CANDU steam generators have 
: performed well to date. Rehabilitation of 2 
a : these steam generators may be required, 7 
“~S ; although such a requirement has not yet 2 
| 2 been established. : 


The replacement of certain control systems | 


: will be required prior to the end of the units’ : 
: operating lives. 


Potential improvements in the output of | 


: Pickering are being examined, and an increase 
: in capacity by about 100 MW or 3% of the 
: station capacity is a possibility. 


Monitoring sulphur dioxide emissions. 


protective storage for future use, i.e., moth- 
' balled. These units could then be returned 
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to service with one to two years notice, ifelec- : 


' tricity demand rises. 
: A downturn in economic conditions could : 


: lower the growth in demand for electricity. 
: One way of responding to lower load growth 


: would be to save fuelling, operating and main- 


Mothballed generating units fall into two 


: broad categories: 

: © Older units nearing the end of their service 

: lives, with high fuelling, operating and main- 

: tenance costs by placing generating units in : 


Keith; and, 
¢ New units with high fuelling costs such as 
Lennox. 
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During the generation surplus situation | 
: in the early 1980s, the fossil units at Hearn 
: (coal/gas), Keith (coal) and Thunder Bay 1. : 


(coal) were mothballed. These stations are 


: comparatively small, less efficient and require : 


: more manpower per MW of capacity than other 
tenance costs, as in the case of Hearn and : 


currently operating fossil stations. The oil- 
© fueled Lennox Generating Station was moth- 
: balled in the early 1980’s because there was 


26 


35 


a surplus electricity supply and the relatively : 
: high fueling cost of the station. : 
Inthe near term, mothballed facilities such | 
: as Hearn and Keith may not be required for : 
: reliable customer load supply under median : 
: load growth conditions. However, it may be : 
: more prudent to preserve these older facilities ; 
in amothballed state, in order to provide flexi- : 
bility to meet load in the median to upper : 
growth range, and to cover future uncertainties. : 
These uncertainties and contingencies include : 
change in load growth, fuel supply disruptions, 
: low water conditions and lengthy, unforeseen 3 
" outages to major equipment. Thunder Bay 1 : 
: is located in Northwestern Ontario, where : 
: there are transmission limitations, and this : 
: may be a factor in the timing of returning : 
: the unit to service. 
Inthe demand/supply study cases, the moth- : 
» : balled stations offer Hydro a measure of flexi- : 
bility, particularly under upper load growth : 
, conditions. 
_ The following two examples illustrate the 
: benefits of mothballed generating stations. 
| The Lennox oil-fueled generating station 
: was mothballed because of its high fuelling 
costs rather than its age. It is an example of : 
mothballed units providing good system flexi- 
: bility to respond to changing system conditions. : 
Two 550 MW units were brought back into : 
- service within seven months for the 1987/88 ; 
winter peak to meet increased electricity demand 
in the face of capacity and transmission lim- 
| itations. An additional unit was brought back 7 
: into service for the winter of 1988/89. The : 
last of the four units is being brought back 
: into service for the winter of 1989/90, as a : 
result of the continuing strong growth in elec- : 
tricity demand, and other system limitations. 
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Figure 10-8 Rehabilitation Plan 
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™ Figure 10-9 Rehabilitation Plan ; | 


Preliminary 

Programs Start Completion Remarks 

Hydraulic Generation 

Small Hydraulic 

Assessment & Retrofit 

Program 1988 20 years 37 small stations; rehabilitate 2 per year. 

Turbine Upgrade 

Program 1974 Ongoing 51 units upgraded with 272 MW extra to-date; some 67 units may 

be considered for upgrades. 

Process Control 

improvement Program 1989 10 years Improve reliability & better utilize water for generation. 

Dam Safety 

Assessment Program 1986 10 years Aside from the hydraulic stations, there are some 280 associated 

hydraulic structures. 

Fossil Generation 

Acid Gas Reduction 

Sulphur Dioxide: 

Flue Gas Conditioners 1990 to 1994 Work authorized for Lambton, Nanticoke and Lakeview. 

for use with 

{ow sulphur coal 

Scrubbers 1994 Ongoing First pair of scrubbers in-service in early 1994 on two Lambton 
500 MW units. Other units could be retrofitted as required to meet 
load. 

Nitrous Oxide: 1985-87 mid/late 1990s Nanticoke has been fitted with low NOx burners. 
Further combustion process modifications being planned for 
Nanticoke and other large fossil stations. 

Lakeview Rehabilitation 1990 to 1994 Project authorized & work is underway to rehabilitate all 8 units 
(2286 MW) for continued operation to 2006. 

Lambton Rehabilitation 1992 to 1995 Study underway to identify rehabilitation work to ensure 40-year 


Other fossil stations 


mid to late 1990s 


life of the station (2100 MW). 
Specific programs to be developed to ensure 40-year life of the 
stations. 
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Figure 10-9 Rehabilitation Plan (continued) 


Work is staged to minimize the number of 


units out-of-service at any given time. 


Specific programs to be developed to ensure 40-year life of 


| Preliminary 
Programs Start Completion Remarks 
Nuclear Generation 
Fuel Channel Rehabilitation 
Pickering 1&2 Completed Units are back in-service. 
Pickering 3 & 4 1989 to 1991 
Bruce 1~4 1990 to 2007 
Pickering 5-8 1991 to 2011 
Bruce 5~7 2009 to 2013 
Nuclear Plant Life Assurance On-going 
nuclear stations. 
Other On-going Control system. 


There may be a need to rehabilitate steam generators. 


Potential output increase of the Pickering units. 


Note: All schedules are preliminary, and these will be refined as the scope of work is better defined. 


The mothballed 1,180 MW Hearn station : 
in Toronto and the 256 MW Keith station in 
Windsor provide insurance against continuing 
strong load growth, and other system contin- 
gencies. Current estimates of the lead time 
to return a few of the large Hearn units back 
into service is about 12 to 18 months. 
The Hearn station, which can operate on 
gas, also provides a contingency measure for : 
meeting acid gas emissions, when operation 
: of the coal-fueled station is restricted by the 


3. acid gas regulation. 


| REDEVELOPMENT 


: Redevelopment, by definition, is not a part 
: of rehabilitation. Redevelopment is the reuse 


of an existing site with a new generating facility : 
or development of a new facility for the con- : 7 
tinuing use of an existing hydraulic resource. 
Many of the hydraulic options identified 
resources such as water, land, transmission ; 


in the Hydraulic Plan are redevelopments, 


as outlined in Chapter 12. Redevelopment 
may involve increasing the site generating capac- 
ity. Ongoing studies will identify the need for : 
redevelopment, by rebuilding, or extending 
the existing generating stations, or by locating 


additional generation facilities elsewhere on 


: the river system. 
: Redevelopment on existing sites is con- 
sidered in the Supply Plan discussed in 
_ Chapter 15. : 
- Redevelopment will be considered and eval- | 
uated along with other demand/supply options 
: for meeting future energy demand when gen- | 
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eration facilities become technically or eco- 
nomically obsolete. Redevelopment may provide 
a number of benefits including lower costs; 
shorter lead times; and maximum use of existing 


lines, rights-of-way and buildings. 


SUMMARY OF REHABILITATION PLANS 


: Asummary of the rehabilitation plans for the | 
: existing hydraulic, fossil and nuclear generation | 


facilities is provided in Figure 10-8. The ele- : 
ments of the rehabilitation plans are tabulated | 


: in Figure 10-9. a 
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Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7 Chapter 8 Chapter 9 Chapter 10 
Basic Load The Existing Requirement for Costing Concepts The Demand The Non-utility The Primary Rehabilitation 
Forecast System Demand/Supply and Management Generation and Firm Plan 
Options Avoided Costs Plan Plan Load Forecasts 
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Chapter 11 


Chapter 12 Chapter 13 Chapter 14 Chapter 15 Chapter 16 Chapter 17 Chapter 18 
Requirement for The Hydraulic Requirement for Major Supply Major Supply Avoided Cost Demand/Supply Action Plans 
New Supply Plan Major Supply Options Plans Determination Plans 


11 REQUIREMENT FOR NEW SUPPLY 


The purpose of this chapter is to discuss the requirements for new 
supply options by comparing the Firm Load Forecast 
derived in Chapter 9 with the load-meeting capability of the 


existing system which is established in Chapter 4. 


: The future system must have sufficient load- ; 
: meeting capability to meet the Firm Load | 
: Forecast. 


: Median Forecast: New Supply 
Requirements by 1997 

Figure 11-1 shows the median Firm Load 
Forecast, plotted together with the load-meeting 
2 capability of the existing system. The Figure 
: shows the growing requirement for new supply. 
That requirement is derived by subtracting 
the capability of the existing system from the 
Firm Load Forecast. Demand begins to exceed 7 
: supply in 1997. 
In Chapter 5 the need date for demand/ 

7 Required Supply - Energy 


: supply options is established as 1993 for the : 
Required energy supply for the median fore- : 


:; median forecast. Demand-reducing options 
. defer the need for new supply options by four 
: years to 1997. 


Upper and Lower Forecasts: 
Figures 11-2 and 11-3 show the required new : 
supply for the upper and lower forecasts. 3 
| The requirement for new supply options | 
: is particularly urgent with upper load growth. : 


- Required Supply - Capacity 
- Required supply, shown in Figure 11-1, identifies | 
peak power demand to be met by new supply. : 
But the load-meeting capability of supply options 


requires a reliability reserve, as explained : 


in Chapter 4. 


: Figure 11-4shows how the required supply 
capacity incorporates a reliability reserve added 
' to the required supply load-meeting capability. 
: The required supply capacity grows to two | 
GW by the year 2000, to 13 GW by 2010, and | 


to 19 GW by 2014. 


Figure 11-5 summarizes required supply 
capacity for selected years under the forecast 
bandwidth. These requirements include the : 


reliability reserve. 


Figure 11-6 shows the required supply : 
| capacity for the forecast bandwidth. 


cast is presented in Figure 11-7. New energy ; 
: requirements are derived by subtracting the 
energy-meeting capability of the existing system 
from the Primary Load Forecast. The required 
: energy supply will be met from new generation, 
purchases, and redeployment of the existing 


system. 


bandwidth. 
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Figures 11-8 and 11-9 show the required 
| energy supply for the upper and lower | 
- load growths. 
Figure 11-10 tabulates for selected years 
the required energy supply for the forecast : 
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Figure 11-7 Required Suppy — Peak Power Demand 


a5 GW Median 


we 
Electrical 
Efficiency 
Improvement 


Basic Load Forecast 


35 Load Shifting 


Load Displace- 


30 ment NUGS 


Required Supply Capacity 10 
- Interruptible 
Loads 


25 


Firm Load Forecast : 
Load Meeting 


Capability of 
Existing System 
> 15 


Demand Exceeds 
Supply in 1997 


1990 1995 2000 2005 2010 2014 
Year (January) 


: 20 


Figure 11-2 Required Supply — Peak Power Demand 
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Figure 11-3 Required Supply — Peak Power Demand 


45 GW Lower 


Required 
Supply 
4 Firm Load Forecast 


Demand Exceeds: 
Supply in 2006 = 


1990 1995 2000 2005 2010 2014 
Year (January) 


Figure 11-4 Required Supply Capacity ~ Peak Power Demand 
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Figure 11-11 shows the required energy | 


| supply for the forecast bandwidth. 


The next chapter, Chapter 12, will outline : 


: Hydro’s plans to meet part of the required : 
: capacity and energy supply by developing 3 
Ontario’s remaining economic hydraulic 
| potential. e : 
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Figure 11-5 Required Supply — Capacity (GW) 


(includes reliability reserve) 


Lower Load Median Load Upper Load 
Year Forecast Forecast Forecast 
1990 0 0 0 
1995 0 0 3.8 
2000 0 1.6 6.7 
2005 0 6.3 12.1 
2010 7.0 13.4 18.6 
Figure 11-6 Required Supply Capacity ~ Peak Power Demand 
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Figure 11-7 Required Supply* — Annual Energy Demand 
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Figure 11-9 Required Supply* — Annual Energy Demand 
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Figure 11-10 Required Supply — Energy (TWh) 


{from new supply and redeployment of existing system) 


Lower Median Upper 

Load Forecast Load Forecast Load Forecast 

1990 0 0 5.9 
1995 0 2.8 18.7 
2000 0 16.0 40.8 
2005 0.7 34.4 61.5 
2010 21.0 A} i 77.3 
2014 45.6 77.6 98.6 


<Requirement for New Supply - Chapter Eleven> 
11-6 


20 


30 


38 


2: 


2: 


38 i 


<Providing the Balance of Power> 


Figure 11-11 Required Supply* — Annual Energy Demand 
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12 THE HyDRAULIC PLAN 


Water power has a prominent role in Ontario’s history. Years ago, 
water-powered mills assisted in agricultural and industrial 
| production. As urbanization and technology progressed, favourable sites were : 


converted to produce electrical rather than mechanical power. 


i 


Since 1898 when DeCew Falls Generating Station 
: was built, hydraulic stations have provided 
Ontario with a low-cost, renewable supply of 
electricity. The creation of the Hydro-Electric 
Power Commission of Ontario in 1906, now : 
Ontario Hydro, recognized the importance 
of the public ownership of low-cost hydraulic 
generation to benefitall the people of Ontario. 
» Until 1951, Ontario Hydro generated electricity 
2 exclusively from falling water. So deeply rooted 
is the link between water and electric power 


| electricity for many people of Ontario. 


To the general public, hydraulic generation 


still remains one of nature’s most abundant 
: gifts. An estimated 17% of the surface area 
of the province is covered by seemingly in- 
numerable lakes and rivers. To be useful for 
generating electricity, however, a sufficient : 
: volume of water has to fall a significant distance 
| CHARACTERISTICS OF HYDRAULIC 
: DEVELOPMENT 

very limited because most have already been : 

developed. 


to create a viable energy source. Sites in Ontario 


: which offer these characteristics are now 


While hydraulic generation will contribute 


significantly to meeting the province’s future 
energy needs, the lack of viable, undeveloped 
sites will limit the role that further hydraulic : 
generation can play in Ontario. However, as 
: a proven option using a renewable energy ° 


: source, hydraulic generation continues tobe : 
- attractive and it is therefore being given a : 


high priority in Ontario Hydro’s planning. 


The Hydraulic Plan set out below describes 
the commitment Hydro is making to the orderly 
- development of hydraulic sites in Ontariowithin | 
2 the limits of economic, technical, environmental 
_ and social acceptability, Ontario Hydro is already 
well underway with plans for developing the 
first eight hydraulic sites in the Plan, which ‘ 
- will provide 1,076 MW of capacity by 1998. 
that “hydro” has come to be synonymous with The smoothing of resource requirements 
isan important element in Hydro’s orderly ‘ 
development plan. The plan provides a 
reasonably smooth flow of design and 
construction work, thereby contributing to 
lower costs and more stable economic benefits 


in northern Ontario. 


» The key operating characteristics of a hydraulic.‘ 
station, its capacity and its annual energy pro- 
duction, are determined by the natural site 
characteristics. Capacity and energy are a 
function of the available water flow and the 
difference in elevation between the headwater : 
and tailwater, i.e. the hydraulic head. As a 
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Ontario Hydro is already well 
underway with plans 
for developing the first eight 
hydraulic sites in 
the Plan, which will provide 


1,076 MW of capacity by 1998. 
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: result, all hydraulic generation is site-specific 
: and few generic hydraulic station characteristics 
' can be meaningfully defined. 


Water, the fuel of a hydraulic plant, can 


be used at the rate supplied by the river with 
: turbine-generators sized for the average river 
flow. This is known as “run-of-the-river” oper- 
ation, which provides little control over when 3 
the energy is produced. 
Most of the sites earmarked for future devel- 
opment, however, will be more suited as peaking 
plants, which have an installed capacity much 


generating energy when it is needed most. 
Ata time of system emergency and power out- 
ages, for example due to severe weather, this 
stored water can also be drawn down to allow 
continuous power production for several days. : 
: Peaking hydraulic plants provide excellent : 
2 operational flexibility. Each unit of the plant : 
can be stopped and started relatively quickly, 
thereby following the minute-by-minute, hour- : 
: by-hour changes in system demand. These plants 
: provide the best match in operation with Hydro’s 
: nuclear and fossil capacity. : and land claims viewpoint, may also be a factor 2 
: Hydraulic projects are major civil engi- : 
neering works with large capital requirements. 
However, they are not technically complex. : 
The lead times required to obtain approval 
: and complete studies and construction range 
: from eight to ten years. These lead times 
: are shorter than lead times for some supply 
options like nuclear, though longer than lead 
times for other supply options such as 
combustion turbine units, as a result of bacterial action on naturally 
; Compared to other supply options, hydraulic 
plants tend to be capital-intensive. However, 
they have a long life expectancy — new plants 
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are evaluated based on a 90-year life. They : 
also require much less maintenance than coal 
and nuclear stations and are inexpensive to 
: operate. Indeed, most plants can be operated 
by remote control, without on-site supervision. 
3 The only fuelling charge is the water rental : 
payments to the provincial government. 
Hydraulic generation has high Ontario con- 
tentin the design, construction and manufacture 
of equipment and therefore contributes to 
economic development. Construction activities 
; related to hydraulic developments are highly 
higher than the average river flow would nor- : 
mally permit. Peaking plants store water behind 
a dam and release it when required, thereby 


Jabour-intensive and can provide significant : 
: employment opportunities over many years. 
Although hydraulic generation does not 
produce environmentally hazardous emissions, 
development of a site does have environmental 
effects. Hydraulic plants are situated on rivers : 
used by native peoples, cottagers, swimmers, 
fishermen, industry and local municipalities. 
These users expect good water quality, as well 
as adequate water levels and flows for their 
activities. Flooding from the construction of 
new dams and fluctuations in flows caused : 


by peaking operation are of particular concern. 


Native peoples interests, from both a cultural : 


when considering individual projects. 


The creation of a hydraulic dam and reser- 
- voir will flood land and change the natural | 
pattern of stream flow and sedimentation, and 
could cause erosion if not adequately controlled. 
Flooding may also destroy wildlife habitat and 
threaten the livelihood of tourist operators. 3 
There may be an increase in mercury con- 
centration in fish in the upstream reservoir 


occurring mercury in the flood zone. On the : 
other hand, the creation ofa reservoir could | 


20 


: 95 
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35 
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: help control flooding and erosion problems, 
: and provide new habitats for waterfowl. : 
3 The construction of access roads and trans- | 
' mission corridors will have environmental effects 
- but could open up new opportunities such : 
: as tourism and recreation. 
;  Asdemonstrated above, the development 2 
: of hydraulic potential can have both positive : 
: and negative impacts. As a responsible user : 
: ofa river, Ontario Hydro must study the effects 2 
3 of hydraulic development carefully, to : 
: ensure that it will, on balance, provide net ; 
3 benefits for the people of Ontario. Hydraulic : 
3 developments will be subject to project specific : 
: assessments when approval for the project is 
3 sought. At that time, the potential impacts : 
: will be evaluated and site-specific mitigation : 
: measures will be identified. : 


The turbine hall of a small hydraulic station. 
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| HYDRAULIC POTENTIAL 


Ontario’s total theoretical hydraulic power : 
potential is 19,900 MW of capacity and 82.8 : 
TWh of average annual energy. Of these totals, : 
: 7,500 MW or 38% of capacity, and 38.5 TWh 
or 46% of energy, have been developed. This , 


leaves 12,400 MW of capacity and 44.3 TWh 


of annual energy as the undeveloped potential. : 
Generally, the densely populated and indus- : 
: five MW ofinstalled capacity -is best developed 


trialized regions with high electricity demand 
have had most of their hydraulic potential 


developed. More sparsely populated areas hold : 
most of the remaining undeveloped potential. 3 
It is not practical to develop most of this : 
potential because of technical, environmental : 
and economic considerations discussed below. 
small hydro technology. 
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: Small Hydro 


' Water power in Ontario had its rootsin “small 


hydro.” Over time, economies of scale led to : 
the development of large, centralized hydraulic 
generating stations, leaving small hydro devel- 


: opment relatively untapped. Now that the large 


hydraulic sites have been substantially devel- | 


: oped, there has been renewed interestin small | 


hydraulic developments. The small hydro poten- 
tial - generally those new sites with under ; 


: by the non-utility generation industry. These 


projects can have relatively low capital costs : 
and short lead times. In the aggregate, they | 
represent many millions of dollars worth of | 
economic activity and a base for increased | 
exports of products and services related to 


& 


Hydraulic developments will be 
subject to project specific 
assessments when approval for 
the project is sought. 

At that time, the potential 
impacts will be evaluated and 
Site-specific mitigation 


measures will be identified. 
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Sites of under five MW capacity represent 


a theoretical potential of about 1,000 MW of | 
_ capacity and 5.7 TWh of annual energy. They , 
: number in the hundreds across the province 
' and span awide range of economic feasibility. 
: As discussed in Chapter 8, it is expected that 
: a portion of this potential can be economically 
: developed by non-utility generators over the : : 
: next 25 years. : In 1988 the Minister of Natural Resources : 
: : announced the creation of 53 new provincial : 
- Release of Larger Sites to 

' Non-Utility Generators 

The Ministry of Natural Resources is responsible 
for allocating the use of Crown land and asso- 
ciated water rights in Ontario, pursuant to 3 
: the Lakes and Rivers Improvement Act and the 
| Public Lands Act. 
: In 1988, four hydraulic sites were released : 
"by the Ministry to private developers. Long | 
: Sault Rapids, Yellow Falls, Grand Rapids and : 


Hydraulic dams and reservoirs can have an 


: impact on recreational areas. 
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; Umbata Falls together account for 331 MW : 
of potential capacity, with 1.2 TWh per year : 
of energy. For technical and financial reasons, : 
however, non-utility generators may build 3 
smaller capacity stations than would Hydro 2 
on these larger sites. 3 


Creation of Parklands 


parks in which hydraulic developments would : 
: no longer be allowed. This had the effect of 3 
: removing from future development ten large : 
/ potential hydraulic sites totalling 694 MW in 3 


capacity and 2.5 TWh in annual energy. 


: Environmental, Technical and 


Economic Constraints 


Environmental, technical and economic con- : 
straints are all inter-related and cannot be : 


: 30 


2 : 


25 


5 : 


The Little Jackfish river in north-western Ontario. 


‘ considered in isolation. Technical difficulties : 
: can often be solved with sufficient engineering 
: effort, and environmental problems mitigated 


: However, the resulting cost for the project 
: could render it uneconomic. 


: vast and the water flow is high. However, unlike 


rare. In order to develop their hydraulic poten- 
tial in the absence of sufficient natural gradients, 
dam construction would have to be substantial 
and flooding would be extensive. The envi- 
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ronmental impacts resulting from either of : 


_ these activities in the virgin watersheds would 
: be high. 
| with additional technical and financial support. § 


For these reasons, therefore, the northern : 


rivers are not considered practical for inclusion 
in the current plan, even though they account 
A large portion of Ontario’s theoretical 
3 hydraulic potential lies in the far north: the 
Albany and Attawapiskat Rivers flowing into 
James Bay, and the Winisk and Severn flowing : 
3 into Hudson Bay. Their drainage regions are 


for 5,000 MW of the undeveloped hydraulic 
capacity and 21.7 TWh of the yearly energy 
potential in the province. 

Other potential comes from adding exten- 


sions to existing generating stations to maximize : 
the hydraulic resources available at the site. 
: the hydraulic development areas in northern 
Quebec, the terrain in this area of Ontario 
is generally flat, the river gradients gentle, 
: and rapids and falls of any significant magnitude : 


For example, four plants on the Ottawa 
River - Chats Falls, Chenaux, Des Joachims 
and Otto Holden - could be extended to add 
796 MW of peaking capacity to the system. 
However, the corresponding energy obtainable : 
from these extensions would be in the order 
of 0.33 TWh per year. The peaking and 7 


energy characteristics, together with concerns : 
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: about fluctuations in flows on a major : 
: waterway, exclude these projects from the | 


: current practical potential. 


Other sites may also be excluded for eco- 
: As summarized in Figure 12-1, Ontario’s total - 
undeveloped hydraulic potential of 12,400 
MW of capacity and 44.3 TWh of annual energy 
is substantially reduced by the various factors - 
noted above. After deducting the small hydro | 


: nomic and technical reasons. Some sites, for 


' example, may be situated in an area of uncertain 
- geological soundness. While site conditions 
could be rectified with sufficient engineering 
: effort, the resulting cost might derail the project 
on economic grounds. Some remote sites, 
: totalling 988 MW, have been excluded as only 
limited data is available at this time. Site visits 
and exploratory drilling would have to be carried 3 
out to determine the feasibility of developing 
these sites. These matters will be addressed 


: during program development. 


For environmental, technical and econo- : 
: mic reasons, it is estimated that a total of : 


Hydraulic Potential 


Figure 12-1 


6,784 MW and 26.8 TWh per year are impractical : 


for consideration within the current plan. 


Practical Future Potential 


sites, those released to non-utility developers 


or designated as parks, as well as the sites - 
excluded by environmental, technical and 
economic constraints, Hydro will have only © 
limited hydraulic resources to call on for system | 
expansion. This practical potential for devel- : 
: opment amounts to 3,59] MW capacity, with — 


8.2 TWh of average annual energy. 


Total Theoretical Potential in Ontario 
Developed Sites 
Undeveloped Potential 


Deduct Allowance for: 
Small Hydro 
Larger Sites Released to Private Sector 
Parkland 
Northern Rivers (other than small hydro) 
Other Exclusions 


Total Practical Potential for Development by Ontario Hydro 
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Annual 

Annual Capacity 

Capacity Energy Factor 
(MW) (TWh) (%) 
19,900 82.8 47 
7,500 38.5 59 
12,400 44.3 4\ 
1,000 5.7 65 
331 2 40 
694 2.5 4] 
5,000 21.7 50 
1,784 5.1 32 
3,591 8.2 26 


: 20 


a) 


: 30 


; 


m0: 


a5: 


30: 


35 
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Hydraulic facilities are site specific and depend on water flow 


- most new undertakings to be high, since the 


: best and most economic sites have already 


: been developed. 


In order to rank potential hydraulic sites : 


: in terms of cost, a suitable measure is needed. 
: Existing hydraulic generation is Ontario’s source | The concept of avoided cost is appropriate | 
of lowest cost electricity. This has tended to : for this purpose. Costs can be framed in | 
: influence public perception with regard to | 


: the potential for new hydraulic developments 


: Detailed studies, however, show the cost of : 


. amore meaningful way by levelizing, or spread- 
A ing, them over the lifetime energy generated 5 
and expressing them in terms of cents per | 
: kilowatt-hour. The concepts of avoided cost : 


- and levelizing are discussed in Chapter 6. 
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Figure 12-2 
(to 2016) 
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Evaluation of Sites Included in the Hydraulic Plan 


Water Rental Included Water Rental Excluded 
Annual Levelized Levelized Cost/ Levelized Cost/* 
Installed Annual Capacity Avoided Water Life Cycle Benefit Life Cycle Benefit 
Capacity Energy Factor Cost (LAC) Rental Cost (LCC) Ratio Cost (LCC) Ratio 
Site River (MW) (TWh) (%) (1989 ¢/kWh) (1989 ¢/kWh)  (1989¢/kWh) (LCC/LAC) (1989 ¢/kWh) (LCC/LAC) 
(A) Sites in Definition Phase 
Lake Gibson (N) Welland 5 ~=—-:0.040 91 Ber 0.16 2.9 0.78 2.8 0.74 
Big Chute (R) Severn 10 0.058 66 43 0.20 3.6 0.84 3.4 0.80 
Mattagami Complex: 
Kipling (E) Mattagami 68 0.093 16 
Smoky Falls(R) Mattagami 182 0.508 32 
Harmon (E) Mattagami 68 0.097 16 
Little Long (E) Mattagami 61 0.067 13 
379 ~=—-0..765 23 6.1 0.43 5.3 0.88 4.9 0.80 
Little Jackfish (N) Little Jackfish 132 0.568 49 4.8 0.24 54 1.05 4.9 1.00 
Niagara ({E) Niagara 550 1.444 30 §.3 0.35 3.5 0.65 3.1 0.58 
Total in Definition Phase 1076 = 2.872 30 


In this way, the project life cycle costs of : 
: building and operating a station can be com- ; 
! pared with the avoided costs associated with 
: major supply plans. A ratio of the project life 
: cycle cost to avoided cost less than or equal 
- toavalue of one signals an economically attrac- 
3 tive project. These ratios, called cost/benefit 
~ ratios, are shown in F igure 12-2 for sites selected 


for inclusion in the Hydraulic Plan. 


_ of a project with its corresponding levelized 
' avoided cost for the purposes of ranking, it : 
- would not be meaningful to compare the lev- : 


elized life cycle costs of different projects unless 


those projects being compared have the same : 


annual capacity factors. 
To enable comparisons to be made with 


other options on an equal footing, acommon : 


in-service year must be assumed, The results 
in Figure 12-2 are based on the year 2002. 


Levelized costs and cost/benefit ratios, 
with and without water rental, are shown in 
Figure 12-2. Water rental is shown separately 
:  Anote of caution applies to the use of the 
- levelized costs in Figure 12-2. While it is appro- 
priate to compare the levelized life cycle cost 


and ranges from 4% to 11% of the project 
life cycle cost. 


Individual project costs include the cost 
of radial transmission to connect the newgen- : 
: the province), technical feasibility, project : 


erating station to the transmission system. 
However, development ofa group of hydraulic 


: facilities in northern Ontario will also necessitate 
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building additional inter-area transmission | 
: facilities ata cost of over $200 million (1989$), 
which is not included in the site specific eval- 
- uations. This cost represents about 5% of the 
cost of the Hydraulic Plan discussed below. 


THE HYDRAULIC PLAN 


The Hydraulic Plan was developed after con- 
; sideration of many factors, including electricity 
demands in different regions, power and energy 
potential, location (on the river and within 


: economics, transmission requirements and : 
environmental impact. Notall sites identified | 


Sa 


: 20 
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Figure 12-2 Evaluation of Sites Included inthe Hydraulic Plan (continued) 


{to 2016} 


Annual Levelized 
Installed Annual Capacity Avoided Water 
Capacity Energy Factor Cost (LAC) Rental 
Site River (MW) (TWh) (%) (1989 ¢/kWh) (1989 ¢/kWh) 
{B) Sites in Concept Phase 
Abitibi Complex: 
Abitibi Canyon (E) = Abitibi 463s 0.111 
Otter Rapids (E) Abitibi 174 =: 0.043 
Nine Mile Rapids (N) Abitibi 295 = 0.726 
932 0.880 11 75 0.84 
Renison (N) Moose 135-6555. 47 4.4 0.24 
Ragged Chute (R) Montreal 98 0.177 21 6.2 0.47 
Patten Post (N) Mississagi 250 0.379 17 6.1 0.55 
Blacksmith Rapids (N) Abitibi 140 = 0.369 30 6.2 0.34 
Sand Rapids (N) and = Abitibi 262 0.703 31 5.2 0.34 
Allan Rapids (N) 
Cypress Falls (N) Mattagami 42 0.106 29 5.1 0.36 
Total in Concept Phase 1859 3.169 19 
Total Program 2935 ~=«6.041 23 


{N) = New; (R] = Redevelopment; (Ej = Extension 


Notes: 
1. Levelized life cycle cost and avoided cost assume a commen in-service year of 2002 for all sites. 


2, Capacity, energy and capacity factor are incremental for plant extension. 
3. Levelized life cycle cost includas all capital, operating and maintenance costs. It is shown both with and without water rental. 
4, De not compare levelized life cycle costs among sites having different annual capacity factors. 


5. Assumes water rentals commence 10 years after in-service date. 
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Water Rental Included 


Levelized 
Life Cycle 
Cost (LCC) 


Cost/ 
Benefit 
Ratio 


(1989 ¢/kWh) (LCC/LAC) 


8.4 
4.9 
6.7 
7.4 
6.8 
8.2 


8.7 


1.12 
1.13 
1.08 
1.23 
1.32 
1.59 


1.69 


Water Rental Excluded 
Levelized Cost/ 
Life Cycle Benefit 
Cost (LCC) Ratio 


(1989 ¢/kWh) (LCC/LAC) 


7.6 
47 
6.2 
6.9 
6.5 
7.9 


8.3 


1.00 
1.08 
1.01 
1.14 
1.25 
1.53 


1.62 


: under the practical potential are included in , 
the Hydraulic Plan. Approximately 656 MW | 
with 2.1 TWh of annual energy have been 
excluded from the Plan because they do not 
: satisfactorily meet some of the above criteria : 
- at the present time. The Hydraulic Plan relative : 
: to the hydraulic potential in Ontario is shown | 


| in Figure 12-3. 


: Several sites with life cycle costs higher 3 
than currently estimated avoided costs are : 
: included in the Plan because their development 
: could become attractive in the future. By having 
these sites in the Plan, more detailed studies : 
3 can proceed to determine whether these sites 2 


: warrant development in the future. 


| The Hydraulic Plan comprises 18 sites: nine 7 
new sites, three redevelopments and six exten- : 
- sions totalling 2,935 MW (2.935 GW) of installed 
: capacity, with an annual energy potential 3 
: of 6.0 TWh. These sites are planned to be 


: developed by 2016. 


A careful study of the environmental impact 
on wildlife habitats is done before building a 
hydraulic facility. 


<Providing the Balance of Power> 


Figure 12-3 Capacity (MW) 


Figure 12-3 Energy (TWh) 


BHEES& 
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Developed Sites 7500 : 


Northern Rivers 5000 
Hydraulic Plan 2935 


Other Exclusions 1784 


Small Hydro 1000 
Parkland 694 


Excluded Practical 
Potential 656 


Larger Sites Released 


to Private Sector 331 


Developed Sites 38.5 
Northern Rivers 21.7 
Hydraulic Plan 6.0 
Small Hydro 5.7 
Other Exclusions 5.1 
Parkland 2.5 


Excluded Practical 
Potential 2.1 


Larger Sites Released : 


to Private Sector 1.2 


20 
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: 30 


: 36 


: 40 
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6: 
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Figure 12-4 Hydraulic Plan Capacity 
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& 


Hydro will have only 
limited hydraulic resources 
to call on 


for system expansion. 
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Because the stations will be designed to | 


_ maximize the capability of the site, they will 
: not be able torun continuously. The capacity 
| factors for the sites vary widely, from 11% to 
- 91% with an average of 23%. | 


Figure 12-4 illustrates the capacity and 


energy increments provided by the Hydraulic 
' Plan over time. Figure 12-5 shows the location | 
_ of sites within the province. : 


For median growth, the Hydraulic Plan : 


! will provide about 8% of the supply energy 
: requirement and 15% of the capacity require- 
- ment by 2014. The total capital cost of all : 
- 18 sites in constant 1989 dollars without interest 
- is estimated at $4.9 billion. ; 


- Development Sequence i 
The Plan starts with Lake Gibson and Big Chute : 
which are two smaller developments in Southern : 
Ontario; then a further development of the 
- four-site Mattagami Complex at Kipling, Smoky 
Falls, Harmon and Little Long; followed by 
| the Little Jackfish development in north-western 
- Ontario and the extension of the Sir Adam | 
: Beck station at Queenston on the Niagara River. 
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Figure 12-5 Hydraulic Plan Sites 
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Lake Gibson 
5 MW, 0.04 TWh 
Welland Canal 
Big Chute 
10 MW, 0.058 TWh 
Severn River 
Mattagami Complex * 
379 MW, 0.765 TWh 
Maitagami River 
Little Jackfish 
132 MW, 0.568 TWh 
Little Jackfish River 
Niagara 
550 MW, 1.441 TWh 
Niagara River 
Abitibi Complex ** 
932 MW, 0.88 TWh 
Abitibi River 
Renison 
135 MW, 0.555 TWh 
Moose River 
Ragged Chute 
98 MW, 0.177 TWh 
Montreal River 
Patten Post 
250 MW, 0.379 TWh 
Mississagi River 
Blacksmith Rapids 
140 MW, 0.369 TWh 
Abitibi River 
Sand & Allan Rapids 
262 MW, 0.703 TWh 
Abitibi River 
Cypress Falls 
42 MW, 0.106 TWh 
Mattagami River 


Figure 12-6 Hydraulic Plan 


Number 
of units 


28 85 6 fF §€ 950 7 
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1990 2000 
23 4 5 6 7 8 9 


* includes Kipling, Smoky Falls, Harmon, Little Long 


** includes Abitibi Canyon, Otter Rapids, Nine Mile Rapids 


: All of these eight sites are currently undergoing : 
: detailed engineering, environmental and eco- 
: nomic studies -the Definition Phase -to support 
the project specific environmental assessments, 
- and will provide 1,076 MW capacity and : 
_ 2.9 TWh of annual energy by 1998. 


The Plan then continues with eight sites 


| in the Moose River Basin, which includes the 
Mattagami, Abitibi and Moose Rivers. Two 2000 to 2014. An additional 86 MWis planned 
_ sites outside the Moose River Basin are included: | 
- Ragged Chute on the Montreal River and Patten 


Post on the Mississagi River. All 10 sites are : 
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2010 
2 3.45 6 7 8 8 


Definition phase 


Acquisition phase 
A First unit 
in service 


WV = Last unit 
in service 


currently undergoing preliminary technical, : 
economic and environmental feasibility studies 
~ the Concept Phase. Three sites in the Concept 
Phase, Abitibi Canyon, Otter Rapids, and Nine 
Mile Rapids, are in a more advanced stage of 


study than other sites in the Concept Phase. 
_ The 10 sites will provide 1,773 MW of capacity 


and 2.9 TWh of annual energy over the period : 


to be developed post 2014. 
The Plan gives preference to the devel- : 
opment of an entire river basin. This approach : 


Figure 12~7 


1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
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2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
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2014 
2015 
2016 


Cumulative Incremental Capacity and Energy in Hydraulic Plan 
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Definition Phase 


Cumulative 
Incremental 
Capacity 
In-Service 


MW 


Cumulative 
Incremental 
Annual Energy 
In-Service 
TWh 

0.020 

0.098 

0.191 

0.795 

1.430 

1.430 

2.872 
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Concept Phase 


Cumulative 


Incremental 


12-14 


Capacity 
In-Service 
MW 


133 
333 
532 
732 
932 
977 
1,044 
1,067 
1,165 
1,438 
1,508 
1,577 
1,642 
1,708 
1,773 
1,838 
1,859 


Cumulative 
Incremental 
Annual Energy 
In-Service 
TWh 


0.126 
0.314 
0.503 
0.691 
0.880 
1.065 
1.342 
1.435 
1.612 
2.053 
2.237 
2.418 
2.594 
2.770 
2.945 
3.116 
3.169 


Total All Sites 
Cumulative Cumulative 
Incremental Incremental 
Capacity Annual Energy 
In-Service In-Service 
MW TWh 
3 0.020 
15 0.098 
83 0.191 
333 0.795 
526 1.430 
526 1.430 
1,076 2.871 
1,076 2.871 
1,209 2.997 
1,409 3.186 
1,608 3.374 
1,808 3.563 
2,008 - 3.751 
2,053 3.936 
2,120 4.214 
2,143 4.306 
2,241 4.483 
2,514 4.924 
2,584 5.108 
2,653 5.290 
2,718 5.465 
2,784 5.641 
2,849 5.817 
2,914 5.987 
2,935 6.041 


: 
3 
: 3 
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A new development at Niagara will produce additional power. 


For median growth, the 
Hydraulic Plan will provide about 
8% of the supply energy 
requirement and 15% of the 


capacity requirement by 2014. 


: has major cost, scheduling and approval benefits 
accruing from the concentration of activities 


in one region. Sustained activities in the north- 
ern part of the province will help to retain 


: enduring economic benefits to the north over 
: Many years, 


: Ients are on rivers with existing developments. 
: This is expected to be environmentally less 
: disruptive than disturbing new watersheds. 


: orderly development of the remaining practical : 
- hydraulic potential in the province. The | 
: Hydraulic Plan schedule of activities is shown 
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: in Figure 12-6. The cumulative capacity and : 


energy increments resulting from this schedule : 


: of activities are shown in Figure 12-7. : 
: Development plans which will provide : 
' astable, highly trained work force and provide : 


1,076 MW of capacity are already underway : 


: for the first eight sites in the Plan. An 
: Environmental Assessment document has been | 
Most of the proposed hydraulic develop- : 


previously submitted to the Minister of the | 


- Environment for the Little Jackfish project. | 
: Co-ordination will be required between the’ 


Little Jackfish application and this application 


: in order to avoid unnecessary duplication. 


In this application, approval is being : 


requested of the need and rationale for the 
- hydraulic developments which make up the 
Ontario Hydro is giving a high priority to the . 


Plan. Subsequent project assessments will focus : 
on ensuring that the individual projects in 
the Plan are implemented in an environmentally : 


: acceptable manner. 
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Chapter 11 
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New Supply 
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Chapter 12 Chapter 13 Chapter 14 
The Hydraulic Requirement for Major Supply 
Plan Major Supply Options 
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Chapter 15 Chapter 16 Chapter 17 
Major Supply Avoided Cost Demand/Supply 
Plans Determination Plans 


13 REQUIREMENT FOR MAJOR SUPPLY 


Chapter 11 describes the requirement for new supply to 


2014 before allowing for new hydraulic facilities 


and purchases from non-utility generation. Chapter 13 


describes the requirement for major supply. 


' This chapter sets out the requirements for 
capacity and energy with the supply contribution 
from Hydro’s hydraulic and non-utility gen- 
eration plans taken into account. The : 
requirement remaining after these contributions 
will have to be met by major supply options. 


Chapter 12 discusses the Hydraulic Plan. 


New hydraulic developments are expected to 
provide about 2,850 megawatts of capacity, 
_ and 5.8 TWh of new energy per year by 2014. | 
Purchases from non-utility generators, as 3 
described in Chapter 8, are projected to supply : 
1,500 MW of capacity and 10.3 TWh of energy : 
- by 2014. 3 


- Required Major Supply - Load 

| Meeting Capability - Peak Power 
Figure 13-1 shows the major supply LMC 
requirements under the median forecast, after : 
allowing for the LMC contributions from pur- : 
: chased non-utility and hydraulic generation. 
: The requirement is derived by subtracting 
the load meeting capability of the existing 
system, hydraulic generation and non-utility 
: generation purchases from the Firm Load 
- Forecast. The figure indicates that the need | 
date for major supply is 2000. : 
: In Chapter 11, the need date for supply 
options was established as 1997 for the median 3 


: forecast. Hydraulic and purchased non-utility : 
generation options defer the need for major : 


supply options by three years to 2000. 


Figures 13-2 and 13-3 show the required 2 
major supply for the upper and lower forecasts. 
With upper load growth the reliability reserve 
will decline, and less economic short-term 
measures may be needed until major supply 
facilities are put in place. . 


Required Major Supply - Capacity 


Chapter 4 establishes the need for a reliability : 


reserve. 


Figure 13-4 shows the range of required 
| major supply capacity, including reliability 
' reserve, to meet forecast demand for selected 
; years under the forecast bandwidth. 3 
Figure 13-5 shows required major supply 


capacity for the forecast bandwidth. 


Required Major Supply - Energy 


Chapter 11 introduces the required energy i 
supply for the bandwidth. Figure 13-6 shows 3 
: how energy from hydraulic and purchased | 
: non-utility generation reduces energy require- 


ments under the median load forecast. 


Figures 13-7 and 13-8 show the required : 
major energy supply for the upper and lower | 


forecasts. 
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Figure 13-1 Required Major Supply — LMC ~ Peak Power Demand 
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Figure 13-2 Required Major Supply —- LMC — Peak Power Demand 
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Figure 13-3 Required Major Supply — LMC - Peak Power Demand 
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Figure 13-4 Range of Required Major Supply-Capacity (GW) 


{includes reliability reserve) 


Year Lower Load Median Load Upper Load 

Forecast Forecast Forecast 
1990 0 0 0 
1995 0 0 3.2 
2000 0 0 4.6 
2005 0 3.1 8.8 
2010 3.7 9.5 14.6 
2014 9.4 15.0 19.4 
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Figure 13-5 Required Major Supply Capacity — Peak Power Demand 
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Figure 13-6 Required Major Supply* — Annual Energy Demand 
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20 


Figure 13-9 gives the quantities of required 


width for selected years. This major energy 
supply requirement will be met by new 
stations and purchases, and redeployment of 
the existing system. 


Uncertainty and Action on Major Supply 
; Hydro’s plans for demand management, : 
: non-utility generation, and hydraulic devel- 
opment will make valuable contributions to 
meeting the range of future needs. However, 
itis clear that these plans will not be enough, 
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Hydro’s declining ability to meet customer : 
i major energy supply for the forecast band- : 


needs with the existing system. 

There is uncertainty as to when the 
requirement for new major supply capacity 
will occur. Under the lower forecast, that date 


' is 2008. Under the median fore¢ast, the 
: Figure 13-10 shows the required major : 
: energy supply for the forecast bandwidth. 


date is 2000. Under the upper forecast, the : 


: province is already facing the need for : 
: new supply in addition to the Darlington | 
: generating station. 


There are also uncertainties concerning 
the yield from non-utility generation and 
demand management. Lower contributions 
from these plans would put greater pressure 


' on the need for more supply, while higher ‘ 
: and that major supply will be needed to fill | 
: the gap between growing demand and : 


contributions could allow Hydro to defer some : 
major supply plans. 


Figure 13-7 Required Major Supply* — Annual Energy Demand 
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Figure 13-8 Required Major Supply* — Annual Energy Demand 
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Figure 13-70 Required Major Supply* — Annual Energy Demand 
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The lead times for major supply options, : itisimportant to move forward with the required 


which will be discussed in the next chapter, 
must include time for design, approvals, and 
construction. Some options can be putin place 
' in 2 to 5 years, while other options take 8 to 
14, Since long lead time options often have | 
economic and other advantages, planning that 
restricts itself to short horizons will not result 
in a balance of options which best serve the 
long-term electricity requirements of the E 
province. forecast. However, load growth along the upper 
 Itis prudent, therefore, to undertake com- 
mitments to major supply in a way that allows 
maximum flexibility to respond to uncertainty. | 
i There is a long chain of activities needed to } 
put major supply options in place (design and 
studies, approvals, construction). Therefore, 


: design and secure the required approvals, while 


holding off the commitment to construction: 
until the year of need becomes clearer. Under | 
the median forecast, it is already time to 
take action. ; 

Deferring construction is possible if load i 
growth takes a downward trend, or if contri- 
butions from demand management and non- : 
utility generation materialize quicker than 


path could quickly overtake Hydro’s ability 


to respond. Preparatory action for putting | 
major supply into place is required now. @ 
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14 MAjoR SuPPLY OPTIONS 


The purpose of this chapter is to present the major 


supply options (fossil, nuclear, and purchases) selected 


for development into plans to meet 


the remaining requirements identified in Chapter 13. 


: The process that Hydro followed for option : 
selection is shown in Figure 14-1. The rationale 3 
for selection of the options, and siting and 
: transmission considerations are also discussed. 
: This chapter is divided into the following ; 
sections: : 
¢ Hydro’s review of options 1984-1989 

ie Components that constitute an option 

: * Criteria used to evaluate and select options 
¢ Identification of major supply options 3 
: potentially suitable for plans 
: ¢ Description and selection of purchase options - 
* Description of components of fossil and 
3 nuclear options 3 for use in selecting options for plans, A num- 
¢ Characteristics of fossil and nuclear options : 
_ ¢ Rationale for selection of options for plan | 


: © Transmission considerations 
: © Highlights 


_ HYDRO'S REVIEW OF OPTIONS 1984-1989 
' suitable for development by non-utility gen- 
' From 1984 to 1989, Hydro conducted a detailed : 
demand/supply study. Demand and supply 
options relevant to meeting future electricity 
: needs of Ontario were reviewed. 


The study included: 


* identifying options; 


° characterizing options in terms of costsand : 


social implications; 


* obtaining broad public input on option pref- : 
erences and social values pertaining to electricity : 


service; and 


: © performing representative plan analysis. 

; Options were initially characterized as 
to their suitability or unsuitability on the 
: basis of evaluation and selection criteria, The 
study resulted in the development of the 
3 Demand/Supply Planning Strategy, DSPS, : 
in March, 1989. The Strategy contains a set 
of principles, guidelines and priorities 


ber of supply options are identified in the 
Strategy as unsuitable at this time for devel- | 
- opment by Hydro to meet future needs. | 
Among them are solar, wind, wood, peat, 
3 waste, and fuel cells. Study of these options 
: showed they were uneconomic for large-scale 
: development. : 
: Despite their unsuitability as major supply 
options for Hydro, some of these options are : 


| erators or in specific situations where they : 
have advantages. For example, generating elec- 
tricity by burning municipal solid waste might 
: be developed by municipalities because of 
: its value as a waste disposal opportunity. Wood. 
. waste products from the forestry industry could : 
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Figure 14-1 Process for Selecting Major Supply Options 
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present similar opportunities. Hydro forecasts 
that about 50 MW of wood waste and 100 MW 
3 of municipal solid waste generation will be 
developed by non-utility generators by 2000. 
:  Windand solar generators can be valuable 
in communities without access to cheaper cen- 
tralized power. In these remote communities 
electricity is generated by expensive local diesel 
generators. Energy from wind turbines or solar 
cells, even though it is not available around 
the clock, can reduce the use of expensive 
diesel fuel. 3 
The experience Hydro has gained in de- 
signing, installing, and operating wind 
turbines and solar cells has been valuable in 
understanding these options. Hydro will con- 
tinue to do research and development on many 
generation concepts which have promising 
applications. Hydro is also keeping abreast 
of research and development by others and : 
is ready to respond if a major technological 
breakthrough occurs. : 
Following are some of the inputs to the ; 
Demand/Supply Options Study, which preceded 
the Demand/Supply Planning Strategy. 


Public Consultation 
Hydro undertook an extensive program of i 
consulting and communicating with customers 
and the public during late 1985 and the first 
half of 1986. Consultation featured meetings 
with 58 provincial organizations, 300 community 
leaders across the province and 116 municipal 
utilities. Hydro gathered public and customer : 
opinions, concerns and priorities through con- 
sultation meetings, questionnaires, and briefs 
(see Regional Consultation, Report No. SCS 
- 86003 and Provincial Organization Consultation | 
Program, Report No. SCS 86002/1). This was 
presented to Hydro’s Executive Office, Board 
of Directors, and other decision makers in 3 


ar) 
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: the Corporation. In addition, there were regular : Demand/Supply Planning Strategy in 1988. : thatan external review be conducted to validate — 


The Committee concluded that before making : planning cost estimates for fossil-fueled options. 


35 


: briefings with elected and appointed officials. 
: acommitment to a major generating station, 
- Public Attitude Research 
: Hydro researched public concerns, perceptions : 
: and values related to planning demand and | 
: supply options. Detailed customer surveys on 
' a wide range of demand/supply topics were : 
: conducted in 1986, using personal interviews : 
: with 1200 residential, 200 commercial, and 
, 200 industrial customers. Similar surveys were | 
3 done in 1988 and the summer of 1989. 


- Hearings and Reviews | 
Hydro made a number of appearances before, 
and submissions to, hearings and reviews. The 
- Ontario Legislature’s Select Committee on | 
: Energy examined Hydro’s Demand/Supply 7 
: Options Study in 1986, and the draft | 


20: 


: Options must meet all safety requirements. 


: Hydro should make every effort to develop : 
the potential of the existing system, demand | 
management, non-utility generation, and : 


- COMPONENTS THAT CONSTITUTE 


remaining hydraulic sites. 


Public safety concerns regarding nuclear | 
power were extensively reviewed, most recently 3 
in 1987-88 by Dr. F.K. Hare in the Ontario | 
Nuclear Safety Review. It found that Ontario : 
: Hydro reactors are being operated safely and 3 
2 at high standards of technical performance. : 

During 1988-89, the Ontario Nuclear Cost 
Inquiry, commissioned by Ontario's Minister 2 
of Energy, examined and endorsed Ontario 3 
Hydro’s estimates of CANDU nuclear costs : 
: primary energy which can be converted into : 


as well as its planning estimate methodology. 


In 1989, Hydro’s Board of Directors required : 
include fossil fuels (oil, gas or coal), uranium, : 
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: The review, known as the Thermal Cost Review, 


has been accepted by Hydro’s Board of Directors. 


AN OPTION 


Electricity can be produced from many different | 
primary energies and processes. In planning : 
an electricity system, it is important to consider : 
a number of aspects or components related : 
to the production of electricity by an option. : 


Primary Energy or Fuel 
Every electricity generating option requires : 


electrical energy. These primary energies : 


' or falling water. Purchases from outside the | 
' province also utilize primary energy, such as | 
: falling water. 


- Conversion Process 
: To produce electricity, primary energy must : 
: be converted into electrical energy. For example, 
' heat from the combustion of fossil fuels or 3 
' nuclear fission is used to produce steam which 3 
' drives turbines and generators to produce elec- : 
‘ tricity. The efficiency of the conversion process : 
: isan important factor in the cost of an option. : 


- Environmental Control 
Fossil and nuclear options produce a variety : 
: of emissions as a by-product of electricity pro- , 

duction. These emissions may take the form : 
of solids, liquids, gases, heat and noise released 
: to the surrounding environment. There are 
: two basic principles used to control emissions: 
: elimination and reduction. Elimination can 


How a technology performs depends on well 
trained workers as well as excellence in design. 


: avoid emissions, use zero discharge systems, 


: emissions are reduced to meet or improve 
: on requirements established by environmental 
' regulations and to meet Ontario Hydro’s stan- 


: control at source. 


by the use of low-sulphur coal, low NO, burners, 


' and improved combustion techniques. 
: Particulate emissions are typically controlled 


- is used. In normal operation, there are no 


| Configuration 


: Configuration of an option refers to the number 
: of units per station, the size of each unit and 
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7 be accomplished by selecting processes which : 


Typically, there is a number of emissions 


produced by major supply options and various : 
systems to control them. For example, the 
combustion of fossil fuels produces sulphur 
dioxide (SO) and nitrogen oxides (NO,). 
These acid gas emissions are currently controlled 


In CANDU nuclear stations, a closed circuit : 


: significant radioactivity emissions from the 
: process into the environment. The design and : 
: operation meets requirements of the Atomic 
: Energy Control Board. This overall approach 
: is called a “contained system.” 


: the arrangement and combination of major : 
: parts that comprise an option. The cost ofeach 
: supply option is affected by the configuration. 


Multi-unit stations are less costly to design, : 


: units at existing stations varies from a single : 
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seseparcene 


unit to eight units, and one or more stations, 
: on a Site. | 
: or recycle. Where elimination is not feasible, The size of units also affects costs, Specific : 
: capital costs, unit energy costs and specific 
administration costs of any one generation 
concept tend to decrease with increasing unit : 
: dards, which may be stricter than government : : 


size, due to economies of scale. Unit sizes in : 
: regulations. Regulatory trends are toward 


the selected options vary from 150 MW com- 
_ bustion turbine units (CTUs) to 881 MW | 
| CANDU units. : 
| Some options have the flexibility of phased 
development. For example, CTUs, if properly : 
arranged, can become the initial part of a 
3 combined cycle (CC) station which, in turn, 
can form the basis of an integrated (coal) 
3 gasification combined cycle (IGCC) station. 
and properly designed stacks. In the future, , 
these emissions will be controlled by scrubbers System Application 
: A key aspect of an electricity system is how 
the total customer load, which varies over time, 
: by electrostatic precipitators that capture fly 


can best be met economically by different 
' ash particles before they reach the stack. 


: options. The electricity system must be able : 
to meet loads which vary hour to hour, day 
: to day, and season to season. : 

The time variation in load is characterized : 
by classifying load into three types: peak, inter- : 
mediate, and base, as discussed in Chapter 3. 

Each generation option has characteristics 
: that make it suitable for meeting one of the : 
requirements, base, intermediate, or peak load. 
: Howeach generating unit is utilized depends 
on such factors as generating unit capability, 
variable cost, operating characteristics, system 
: limits and reserve requirements. Generating : 
units can be classified as to their utilization : 
to meet system loads. Utilization is expressed 
as an annual capacity factor (ACF). An 
: construct and operate than single unit stations, 80% ACF, for example, is the equivalent of 
because of economies derived from standard- ; 


| aunit running at full power for 80% of the 3 
ization. For Ontario Hydro, the number of 


year. By this classification, base load units : 


2 


25 


3 


typically operate with an ACF between 
| 60 and 80%; intermediate load units with an 
- average ACF between 20 and 60%; and peaking | 
"units with an ACF up to 20%. 3 


_ CRITERIA USED TO EVALUATE AND 
_ SELECT OPTIONS 


Following are some of the considerations, : 
: based on the criteria, which are applied in : 
: evaluating the options: 


- Providing Low-Cost Electricity Service 
: Ontario electricity users continue to have elec- : 
; tricity available at costs lower than most other 
places in the world. To have cost-effective plans, 
' cost-effective options must be used as com- 
ponents of those plans. Hydro, in taking a 
leadership role in protecting the environment, 
aims to achieve “low” rather than “lowest” costs. 
: growth, fuel prices, etc. Some options have 3 
. better ability to respond to changing conditions. — 
Examples of flexibility in an option are shorter | 
lead times and the ability to run on different : 


Environmental Considerations 
Environmental considerations include require- 
3 ments and standards, which must be met, and 3 
environmental characteristics of the option. 
Environmental considerations are used to both 
develop and evaluate options. : 
' Global, regional and generic concerns were 
: considered. Project-specific impacts for the : 
major supply options will be dealt with in future : 
: an option. It also considers where equipment 
might be manufactured. The resource pref- | 
erence principles relevant to major supply | 


: project environmental assessments. 
_ Areas considered in evaluations of the natural 
environment include air emissions, (particularly 
SO», NO,, CO, and radionuclide emissions), : 
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water effluents, solid waste (including nuclear : 

| waste) and land use. = 
Environmental considerations are dealt with | 
on a total system basis in the next chapter. 


- Socio-Economics 
Impacts on the provincial economy are also : 
: taken into account in assessing the relative © 
: advantages of a particular option and fuel 
, Criteria for evaluating and selecting options 
and plans were developed in the Demand/ 
Supply Planning Strategy. 


source. These impacts include effects on provin- : 
cial employment and on provincial GDP and 
balance of trade. 

Several other social impacts and benefits | 
cannot be fully addressed, except in the context ; 
: of site selection and project studies. | 


- Safety 
To be considered in the Demand/Supply Plan, 
all options have to meet safety requirements | 


and standards. 


Flexibility 


Flexibility is an important criterion because | 
of uncertainties surrounding future load 


fuels or at different capacity factors without 
unacceptable cost penalties. 


Resource Preference 
Resource preference deals with the source 


and availability of the primary fuel used by | 


options favour: 


: renewable energy and the use of waste fuels; _ 
: © plentiful fuels over those more likely to be — 
: in shorter supply in the long term; and 
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DSPS Evaluation Criteria 


' Primary Criteria 
: The primary criteria (which must be met) for eval- 
- wating and developing recommended plans are: 


¢ Customer satisfaction 
* Reliability standards 
* Safety requirements and standards (worker and 
public) 


° Environmental requirements and standards 


* Low cost of electricity service 


* Social acceptance 
¢ Technical soundness 
* Flexibility 


_ Secondary Criteria 
_ Secondary criteria, which are considered and may | 


influence the recommended plans, include: 
* Resource preferences 


¢ Diversity 


- e Resource smoothing 
: ¢ Environmental characteristics, in addition to 


requirements and standards 
e Public safety characteristics; in addition to 
requirements and standards 
* Economic impact 

¢ Other social considerations 

Secondary criteria, which do Involve considerable 
judgment, have had a significant effect on the 


: evaluation of options and plans. 


<Providing the Balance of Power> 
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Decisions on future generating stations will have significant impacts for over 40 years. 
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2 : 


si 
Unit size (smaller units tend to be more : 
reliable than larger ones); : 
e Nature and quality of materials used in 
construction; and : 


a’ 


: resources over imported ones. 


2 Technical Soundness 


: options with little operating experience may 
: be questioned. 


Reliability 
: All options must meet standards of reliability. 


: capacity required to meet load. 


: @ the use of Ontario and other Canadian : 
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characteristics can be maximized and worst : 
characteristics minimized are considered later 


: in this chapter. 


' Technical soundness refers to the maturity | 
of an option and the extent of Hydro’s expe- 
rience with it. Mature options, which are used 
worldwide and are commercially available, are 
generally considered sound, while developing 


IDENTIFICATION OF 
MAJOR SUPPLY OPTIONS POTENTIALLY 
SUITABLE FOR PLANS 


: Ten fossil, two nuclear and two purchase options 


: have been identified as potentially suitable 


: for inclusion in plans. The rationale for the 


: selection of the ten fossil optionsis contained : 


: Where options differ somewhat in the degree 
: towhich they are unavailable for service, these : 
: differences are factored into the amount of + 


a 


There are many factors which contribute : 
to an option’s reliability. The way itisoperated : 


: struction that can affect reliability include: 
: © Fundamental design (simpler designs tend 


to be more reliable than complex ones); 


Evaluation Criteria 


While the above considerations can be applied 


: and maintained is a major contributor to how : 
it performs. Some features of design and con- 
mented in Ontario Hydro presentations to : 
the Ontario Nuclear Cost Inquiry (ONCI), 


in the Thermal Cost Review. All ten fossil options 
are equipped with emission control equipment. 
The nuclear options selected are limited 


safety, environmental protection and reliabil- : 
ity. This performance has been achieved | 


at low cost. The cost performance was docu- 


and was confirmed by the finding of that Inquiry. 


: from discussions and negotiations with | 
(Reference - 1989 Reliability Assessment, The 

Future of Bulk Electricity System Reliablitiy : 
¢ Type of fuel (cleaner gaseous or liquid fuels | 
help fossil units run more reliably than solid 
fuels). : 


neighbouring utilities. 


These 14 major supply options, grouped 
by conversion process, are shown in | 


Figure 14-2. 


: DESCRIPTION AND SELECTION OF 
: PURCHASE OPTIONS 


: in evaluating options, there can be no systematic 
: calculation to determine how the criteriaare : 
weighed against each other. Judgements about 
relative performance and how an option’s best 


The Demand/Supply Planning Strategy states: 
“6.2 Long-term firm purchases of hydraulic 
power from neighbouring provinces 
will be considered as an acceptable alter- 
native to building new supply facilities 3 
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after maximum efforts are made to utilize : 
the cost effective indigenous resources | 


of Ontario.” 


Ontario Hydro has a dedicated organiza- 
tional unit responsible for long-term purchases 
and sales of electricity between Ontario Hydro 
: and neighbouring utilities in the United States, ; 
| Quebec, Manitoba, and Newfoundland. 


Potential for Purchases from the US 
In the mid 1970s and early 1980s, load growth 
in the US was less than had been forecast. 
This placed many US utilities in a difficult | 
position. Despite some cancellations, these 
utilities were bringing into service new gen- : 


advance, but surplus to needs. In many cases, 
this led to regulatory bodies refusing to allow : 


eration, committed for construction years in 
to the CANDU option. The CANDU option | 
: isa Canadian concept which has achieved high 
performance in respect to worker safety, public 


all or part of the station’s costs to be included | 


in the rate base. 


In this environment, many utilities were 


: reluctant to commit construction of new : 


generation to meet future demand. It is ex- 
pected that this may lead to shortages in the : 


: US Northeast in the 1990s. Some areas in | 
The two purchase options identified resulted 


the Northeast have already experienced | 


shortages over the past few summers. : 


in North America 1989-1998) 


ee 


Of the few utilities that are bringing new 


in the US. 


: generation into service in the next decade, | 
the prices quoted to Ontario Hydro for the 
sale of part of their new output have been 
high relative to the cost of building generation 
in Ontario. The US generation available for 
sale is primarily gas and coal-fueled. The 
availability and cost of coal-fueled generation 
would be vulnerable to acid gas legislation | 


Accordingly, because of the uncertainty : 


7 in the US supply/demand picture and the 


: high cost of purchases, Hydro cannot at this : 
: time rely on the US for areliable and economic : 


7 supply of electricity. 


3 Quebec Purchase Option 
: Discussions with Hydro Quebec began in 1985 


__ on possible purchases ranging from 500 to | 
- 4000 MW. In July, 1988, Hydro Quebec made | 
an offer to Ontario Hydro of 2000 MW, at an : 
annual capacity factor of 65%, to run from 


1998 to 2023. Two prices were quoted: 


: ©a lower price which required Ontario Hydro 
_to share with Hydro Quebec some of the risks : 
| _ from Quebec are not included for plan analysis 
' at this time. 
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of the sale, such as the possibility of load growth 3 
' differing from forecast, and some financial : 


risks; 
¢ a higher price without risk sharing. 


The proposal without risk sharing was about : 
twice as costly as nuclear generation and : 
1.6 times as costly as coal-fueled generation. 
2 The proposal with risk sharing resulted in a 


price reduction of about 13%. 


Hydro Quebec has been informed that the : 
offer is not acceptable. They have advised that : 
substantial reductions in the prices are un- 
' likely. Discussions are continuing, focusing 
on smaller purchases of a shorter duration ‘ 
on terms that may be more attractive. Purchases : 


Figure 14-2. Major Supply Options Potentially Suitable for Plans 


Manitoba Purchase Option 


Ontario Hydro contracted with Manitoba Hydro 
in 1987 a five-year 200 MW purchase, starting 
in 1998. Since that contract was signed, nego- 
tiations with Manitoba Hydro have resulted 
in an agreement to purchase 1000 MW over 
about 20 years at up to 80% capacity factor. 
The levelized unit energy cost (LUEC) of this 
' purchase, at 80% ACF, is about 3.7¢/kWh 
(1989$). Figure 14-3 shows the timing and _ 


amounts of the purchase blocks. 
The purchase has several features: 


¢ Its cost is low, approaching that of nuclear : 


generation; 


* The purchase and associated transmission : 
provides improved reliability of supply to : 


Generation Conversion 


Type 


Fossil 


Process 
Conventional 
Steam Cycie (CSC) 


Combustion Turbine 
Units (CTU) 
Combined Cycle (CC) 


Integrated Gasification 
Combined Cycle (IGCC) 
Atmospheric Fluidized Bed 
Combustion (AFBC) 
Nuclear CANDU 


Purchase Hydraulic 


Option Configuration 
Option 1 4X 800 MW 
Option 2 4X 500 MW 
Option 3 4X 500 MW 
Option 4 2X 150 MW 
Option 5 2X 150 MW 
Option 6 2X 660 MW 
Option7 2X 660 MW 
Option 8 4X 660 MW 
Option 9 4X 660 MW 
Option 10 4X 200 MW 
Option 11 4X 881 MW 
Option 12 1X 450 MW 
Option 13 1000 MW 
Option 14 2000 MW 
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Principal System 
Primary Energy Application 
U.S. Coal Base 
U.S. Coal Intermediate 
Western Canadian Coal Intermediate 
Oil Peaking 
Gas Peaking 
Gas Intermediate 
Gas Peaking 
U.S. Coal (Phased) Variable 
U.S. Coal (Unphased) Base 
U.S. Coal Base 
Uranium Base 
Uranium Base 
Manitoba Purchase Base 
Quebec Purchase Base 


i 25 


30 


wi 
: near the mid-point of this line. A500 kV switch- | 
: yard with 500/230 kV autotransformers and 


: Northern Ontario and results in a more | 
: economic operation of the power system; and : 


* The source of supply is hydraulic generation, 


: a renewable indigenous Canadian resource. 


To take delivery of the purchase, Ontario 


: Hydro must build about 1100 km of high-voltage 
transmission in northern Ontario. Joint studies 
with Manitoba are underway to develop the 


: best alternative scheme for this transmission. 
: Figure 14-4 shows these new transmission 


facilities. The precise configuration of that 


: new transmission, including an assessment 


of viable alternatives, will be considered in 


: a project-specific environmental assessment 


: for the transmission facilities. 


3 


: extent of new transmission required in Ontario : 


The following alternative illustrates the 


to incorporate the purchase: 

: © 150 km of 500 kV single circuit line from 
| the provincial boundary (connected to a Mani- : 
| toba Hydro line originating in the Winnipeg : 


area) to Dryden transformer station (TS). A 
500 kV switchyard with 500/230 kV autotrans- | 
formers and associated switchgear facilities 


would be installed at Dryden. 


¢ 300 km of 500 kV single circuitt line from : 
: Dryden TS to Lakehead TS in the vicinity 
of Thunder Bay. A 500 kV switchyard with 
500/230 kV autotransformers and associated 
: switchgear facilities would be installed at 


Lakehead. 


: © 650 km of 500 kV single circuit line from : 
Lakehead TS to Mississagi TS in the vicinity 
of Sault Ste. Marie, with 500 kV switching facil- 
ities provided at a new transmission station : 
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associated switchgear facilities would be installed 
at Mississagi TS. Terminating this line in the : 


: Timmins area rather than at Mississagi TS will 


: also be considered. 


i ¢ If the line from Lakehad TS terminates at 
| Mississagi, the existing 500 kV single circuit | 
_line, now operating at 230 kV, from Hanmer 
TS in the Sudbury area to Mississagi TS would : 
be re-insulated and reconductored to make 


? it suitable for 500 kV operation. 
Ontario Hydro and Manitoba Hydro have : 


: agreed that the transmission lines and associated 


station equipment in both provinces will be : 


designed and built to carry at least 1500 MW 
: between the two provinces. This higher inter- : 


connection transfer capability will provide : 
substantial benefits to both provinces from : 


other types of transactions in addition to the 
| 1000 MW purchase. The additional 500 MW : 


1200 


1000 


2006 
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2014 


2018 


Figure 14-3 Staging of Manitoba Purchase — Firm Capacity 


2022 
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Figure 14-4 New Transmission Required for Manitoba Purchase 


New transmission required: 


In Manitoba: Conawapa—Winnipeg 820 km 
Winnipeg — Provincial 150km 
— boundary 


Conawapa » 
J 


In Ontario: Provincial boundary— 1100 km 
Mississagi — 
2070 km 


“su-- 


sseee High voltage, direct current 
ames Single cct. 500 kV AC 


=— Existing circuit to be 
converted to 500 kV 


Coal, though abundant, varies in cost. Low-sulphur Canadian coal 


is more expensive than U.S. coal due to transportation costs. 
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capability does not add to the number or length : 
: of transmission lines required for the purchase. : 
‘The agreement with Manitoba Hydro - 
3 requires that both parties obtain all necessary : 
, environmental approvals and other approvals, 
including the approval of the respective Boards 3 
: of Directors of each corporation. There are ; 
clauses in the contract which permit cancellation 
under certain circumstances. One of the can- , 
cellation provisions requires Ontario Hydro 
; to make payments to Manitoba Hydro if On- , 
tario Hydro cancels the contract after Jan- 2 
: uary 1, 1991 because it has not obtained 
: provincial approvals. Cancellation payments : 
3 would be based on Manitoba Hydro’s out-of- : 1 
, pocket costs, which would escalate significantly : 
: after the January 1, 1991 date. : 
The approvals requested in this application : 

, (Chapter 19) currently include approval of 3 

the requirement and rationale for transmission 

; facilities required to incorporate the Manitoba 3 
| purchase. A subsequent project-specific as- 3 
. : sessment will ensure that the facilities will be , 
, located and implemented in an environmentally : 
3 acceptable manner. 3 
| The Manitoba purchase is included in all : 
: plan alternatives. 3 


Potential Purchase of Power 
- from Newfoundland 3 
sr At the First Ministers conference in August | 
1989, the premiers of Newfoundland, Ontario 3 
| | and Quebec discussed the possibility of devel- | 
‘ : oping the remaining potential on the lower 
Churchill River. Potential generation of about 
. 3600 MW could be shared among the three 3 
provinces. 
A technical committee with representatives 
: from Ontario Hydro, Hydro Quebec, and : 
: Newfoundland and Labrador Hydro hasbeen : 
appointed. This committee is currently dis- 


35 


20 


5 } 


i ¢ Primary Energy/Fuel 


: cussing development plans for the generation : 
and transmission associated with optimal dis- 
| tribution of the power to the three provinces. 
To deliver the power to load centres in Quebec 
' and Ontario, at least anew 735 kV transmission 
: America, including Western Canada, and in : 
the Appalachian states directly south of Ontario. : 
Although coal will continue to have other uses : 


line would be required to the Montreal area 
: and a new direct current (DC) interconnection 
would be needed between Ontario and Quebec. 
' Since these early discussions are at an early : 
stage, no firm conclusions can be made regard- 
ing amounts, timing and economic compet- 
itiveness. The Proposed Plan presented 
' in Chapter 15 has sufficient flexibility to : 
accommodate any agreement reached. 


| DESCRIPTION OF COMPONENTS OFFOSSIL 
_ AND NUCLEAR OPTIONS 


: As discussed in an earlier section, there are 
five major components that define an option. : 
Figure 14-5 provides a summary of the major 
components of the 12 fossil and nuclear options, 
described in this section under the following | 


five categories: 


¢ Conversion Process 

e Environmental Control 
* Configuration 

¢ System Application 


: Primary Energy /Fuel 
As shown in Figure 14-5, primary energy com- : 
prises coal, oil and natural gas for the fossil 
options, and uranium for the nuclear options. 


Fuel is the dominant cost component 


: of the life cycle cost of fossil options. : 
: Figure 14-6 shows forecast prices for coal, 
: oil and natural gas. 
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| Coal 
Options 1, 2, 8, 9 and 10 all use US coal as : 
their primary fuel. Option 3 uses low-sulphur 
: Western Canadian coal. Natural Gas 


There are large coal reserves in North : 


in industry, abundant reserves mean shortages 
: in the short term, but its long-term outlook : 


are not forecast to occur. 


There are considerable variations, however, : 
: with far less assured long-term reserves than : 


in the make-up of coal. Some coals are high 


in sulphur content, others have only one-tenth 
as much. 
: There are also variations in cost. Low-sulphur 2 
: Western Canadian coal is more expensive than 
US coal, largely due to higher transportation : 
‘ costs. Cost is also affected by differences in 
: | feed stock. 


Energy from solar cells can contribute 


in communities dependent on expensive 
diesel generators. 
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: the heat content of coal. Coal prices are expected : 


to be stable in the long term. 


Options 5, 6, 7 and the first phase of | 
Option 8, use mainly natural gas as their 
primary fuel. ; 

Natural gas is supplied from the Western 3 
Canadian provinces. Natural gas is plentiful 


is far less certain. It isa depletable resource : 


coal. Future supplies of economic gas could : 


: become scarce. 


Natural gas has many practical applications 
other than to fuel electricity generation. 
It is used in many heating applications 
and in the chemical industry as a chemical : 


Figure 14-5 Components of Fossil and Nuclear Options 


Generation 
Type Option Number Primary Fuel 
Fossil 1 US Coal 
2 US Coal 
3 WC Coal 
4 LFO 
5 Gas/LFO 
6 Gas/LFO 
7 Gas/LFO 
8 Gas/LFO 
US Coal 
9 US Coal 
10 US Coal 
Nuclear 11 Uranium 
12 Uranium 


*Burners in all fossil options are design tor low NOx emissions 


**Water/steam injection is used in all CTU/CC/IGCE options to reduce NOx emissions 


FGO = Flue Gas Desulpherzation 
SUR = Salactive Catalytic eduction LFO = Light Fuel oif 


ESP = Electrostatic Precipitator FF = Fabric Filter 


WC = Westem Canadian 


Uranium costs Jess than fossil fuels. 
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Conversion 
Process 
CSC 

CSC 

CSC 

CTU 

CTU 

cc 

CC 
CTU/CC phase 
IGCC 
IGCC 
AFBC 
CANDU 
CANDU 


Environmental 
Control* 

FGD, SCR, ESP 
FGD, SCR, ESP 
SCR, ESP 


*e 
wt 
scR* 
+* 


Re 


SCR** 

SCR, FF 

Contained by design 
Contained by design 
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Configuration 


4x 800 MW 
4x 500 MW 
4x 500 MW 
2x 150 MW 
2x 150 MW 
2 x 660 MW 
2 x 660 MW 
4x 660 MW 


4x 660 MW 
4x 200 MW 
4x 881 MW 
1 x 450 MW 


Principal System Application 


Base Load 
Intermediate 
Intermediate 

Peaking 
Peaking 
Intermediate 
Peaking 
Peaking 
intermediate 

Base Load 

Base Load 

Base Load 


Base Load 


2 : 
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Figure 14-6 Forecast Prices For Coal, Oil And Natural Gas 


1989 $YGj 


Forecast median prices (Figure 14-6) for 


: natural gas supplied on a interruptible basis, 
. islower than for the general supply of natural : 
gas. The interruptible contracts are most likely 
: to be interrupted during the coldest winter 
period, when gas and electricity demands are 
at their peaks. To take year round advantage 
of the lower priced interruptible gas, the options : 
which feature gas as the principal fuel use : 
oil as a winter “backup”, 
Historically, gas prices have been volatile. 
While gas prices are expected to increase in 
: real terms in the long term, and there is con- 
i siderable price uncertainty due to the unpre- 
dictability of factors such as long-term global 
: demand and costs of new gas reserves. In addi- 
tion, capacity of natural gas pipelines is limited 
and any requirement for new lines could affect 
: the price outlook. 


Light Fuel Oil 


Natural Gas— 
General Supply 


Natural Gas- 
Interruptible 


Western 
Canadian Coal 


U.S. Coal— 


U.S. Coal- 
2.5% Sulphur 


2010 
Year 


Oil 
Option 4 uses light fuel oil as its primary energy. 
Oil is less abundant than natural gas, and 


meat 


than coal and natural gas. 


. 
* 
. 
. 
« 
. 
* 
a 
a 
+ 
ry 


is vulnerable to long-term shortages. Oil has 


: great value as a transportation fuel and as : 


feedstock for the chemical industry. Although 
‘ not indigenous to Ontario in sufficient 


: Canadian resource. 
i Presently, oil is costlier than coal and natural 


gas when used for electricity generation. Oil 


gas in the future. Light fuel oil is the only 


. 
. 
, 
’ 
. 
. 
‘ 
n 
+ 
. 
. 
. 


quantity, oil, like natural gas, is a western | 


prices are expected to remain higher than : 


ry 
® 
. 
ry 
. 
. 


grade acceptable for the generation options 


| which Hydro plans to use. Oil from the Alberta | 
: Tar Sands is an abundant Canadian resource. + 


: However, the fuel prices for this resource will 
: be much higher than the conventional oil : 


: price shown in Figure 14-6. 
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Low Sulphur Oil is costlier fuel for electricity generation 


i Uranium 


: Both Options 11 and 12 use uranium as their 


: primary fuel. 


There are abundant reserves of uranium 
in both Ontario and Saskatchewan. The cost 
of uranium is low compared to fossil fuels 
and, unlike fossil fuels, does not have significant 
competing uses. Figure 14-7 shows forecast 
prices for nuclear fuel. The prices rise early 
in the plan period, then remain relatively stable 


thereafter. 


: Conversion Processes 


: As shown in Figure 14-5, the conversion pro- 
cesses include conventional steam cycle (CSC), 
: combustion turbine units (CTU), combined 
| cycle (CC), integrated (coal) gasification com- 
bined cycle (IGCC), and atmospheric fluidized 
bed combustion (AFBC) for the 10 fossil options | 


and CANDU for the two nuclear options. 


2 Conventional Steam Cycle (CSC) 


i Figure 14-8 is a simplified block diagram of 
a typical CSC. In the conventional steam cycle, 
7 fuel in the form of coal, gas or oil is fed to 
a boiler. Combustion takes place in the boiler. 
as air from fans is mixed with fuel in the burners. 
| Heat energy is recovered within the boiler 
: and converted to high pressure superheated f 


i steam. 


Electricity System (BES). 


3 Combustion Turbine Units (CTUs) 


Figure 14-9 is a simplified block diagram of : 
a typical CTU. CTUs may burn natural gas 
or oil. Fuel is usually fed directly to the com- 
bustion chamber along with high pressure 


The high pressure steam spins a turbine 
which drives a generator. The electrical energy 
produced by the generator is stepped up to 
a higher voltage for delivery to the Bulk | 
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Figure 14-7 Forecast Price Range for Incremental Supply of Nuclear Fuel 
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Figure 14-8 Simplitied Block Diagram of CSC and AFBC 


Boiler 
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SCR + precipi 
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Figure 14-9 Simplitied Block Diagram of CTU 


between 900° and 1100° C. 


» Electricity 


|») Waste heat 


: The hot gases expand through the turbine : 
blades causing the turbine to rotate at high 
: speed. The turbine drives a conventional gen- 
erator which generates electricity for delivery 
to the BES. : 


_ Combined Cycle (CC) 
Combined Cycle units are made up of CTUs 


in combination with appropriately sized heat 


recovery steam generators (HRSG). Figure 


: air injected from a compressor. The fuel and 
: airare burned, producing gases at temperatures : 


senmea recente enceeurneraseornan 


14-10 is a simplified block diagram ofa typical : 
CC unit. As with CTUs, natural gas or oil is 
the primary fuel for CCs. The HRSG uses the 
heat of the exhaust gas from the CTUs to pro- 
duce steam, which is used to drive a conventional 
steam turbine generator, producing electricity. 


: By using exhaust gas to produce electricity, 


CC applications have higher efficiency 


Figure 14-10 Simplified Block Diagram of CC 


: than CTUs. 


: Integrated (Coal) Gasification 
| Combined Cycle (IGCC) 


IGCC takes the CC conversion process one 3 


step further by adding a coal gasification plant 
: to permit the use of lower cost coal asits primary 


: IGCC plant. 
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i The primary fuel, coal, is converted into 
synthesis gas in the gasifier. The synthesis gas 
is cooled and cleaned to remove particulates i 
and sulphur before it is fed to the CTUs to 
produce electricity. IGCCs are not suitable 


for frequent start-ups and shutdowns. 


i fuel. The IGCC conversion process integrates 
several proven processes, such as combined 
cycle and coal gasification, into a single high 
: efficiency, clean-fossil option. Figure 14~1] 
is a simplified block diagram of a typical 


An IGCC plant can be built as a phased 
or an unphased plant. A phased plantis built 
: in three stand-alone stages. In the first phase, 
| CTUs operate with natural gas or oil. In the : 
/ second phase, a heat recovery steam generator : 
and turbine generator is added to achieve | 
higher capacity and efficiency. In the third 
phase, coal is converted to synthesis gas to 
accommodate higher loading or to offset high ; 
oil and gas prices. In general, phased plants 2 
: provide short lead time flexibility to meet 


: increasing demand. 


:  Unphased plants are built ina single step, 7 
: usually as fully integrated, high efficiency plants. 
: Unphased plants are suitable for continuous : 


: Operation over long intervals. 


| Atmospheric Fluidized Bed 
: Combustion (AFBC) 


AFBC units have the same basic components : 
and functions as a conventional steam cycle : 
plan, illustrated in Figure 14-8. The major , 
difference lies in the use of a fluidized bed 
combustion boiler. Combustion heat from burn- 
: ing coal in the bed is used to produce super- : 
heated steam in tubes which pass through the 
boiler. Limestone is included in the bed to / 
capture sulphur dioxide resulting from the | 


: combustion process. 


: Although this conversion process can use : 
: avariety of low grade fuels, the assumed primary 


: fuel is US coal with 2.5% sulphur content. 


_ CANDU 


A nuclear reactor is a facility which produces 
: heat. The reactor and associated steam generator 
: perform the same function as a boiler in a 
conventional steam cycle plant. The means 
of producing heat is the key difference between 
nuclear and fossil options. In the nuclear con- 
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Figure 14-17 Simplified Block Diagram of IGCC 


. Heat to lake 


Sulphur and particulates ‘Sales + waste 
_ handling 


Figure 14-12 CANDU Unit 


Reactor Building 


Steam 
generator 


Turbine building 


Reactor 


Fuel-loading 
machine 


Generator 


| 


Circulating 
water 
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version process, heat is generated by a nuclear 
reaction. To sustain this reaction, the neutrons 
are slowed down or moderated, 
:  CANDU, illustrated in Figure 14-12, is 
the conversion process used in Options 11 
and 12. CANDU reactors, a unique technology, 
use deuterium oxide or heavy water as a 
moderator, By using heavy water? as a 
moderator!, CANDU units can use natural 
uranium as fuel. CANDU stands for CANada 
Deuterium Uranium. 
Heavy water is also used to transport heat 
from the fuel bundles and provide heat to 
the steam generator. At the steam generator, 
steam is produced from ordinary water to drive 
a conventional turbine and generator which 
are separate from the reactor. 3 


: Environmental Control 
Sulphur dioxide, nitrogen oxides, carbon diox- 
: ide and particulate emissions all have envi- 
: ronmental impacts. They contribute to the : 
' formation of acid rain and global warming, | 
known as the greenhouse effect. They can 
also affect local air quality. : 
' Emissions from fossil options vary consid- : 
erably, depending on what conversion processes 
and environmental control measures are used. : 
Although emissions from fossil options can 
never be zero, Hydro is confident that envi- 
: ronmental effects associated with these options 
(other than CO, emissions) can be reduced 
with appropriate control measures. Local air 
quality and government acid gas regulations 
can be met by retrofitting environmental con- 
trols to existing stations and installing clean 
fossil options in the future. : 
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Figure 14-13 Simplified Block Diagram of Limestone Dual Alkali FGD 


Fuel, air iD 


The level of carbon dioxide (CO ) emissions : 
: for each fossil option is a long-term concern. 
: COgis considered a major contributor to global 
warming —and there is no existing cost-effective 
: technology which will reduce CO, emissions : 
for any fossil option. Electrical efficiency 
improvements, along with non-fossil supply 
options, are preferable alternatives for CO, 


control. 


To meet environmental standards, the fol- 
lowing environmental controls are included : 


in the consideration of fossil options: 
sulphur dioxide (SO,) emissions; 


NOX burners and water/steam injection for 


: reducing nitrogen oxides emissions; and 
: ¢ Electrostatic precipitators or fabric filters 
: for removing particulates from flue gases. 
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Sulphur Dioxide Reduction 
Fossil fuels such as coal, and to a lesser extent 
oil, contain a small percentage of sulphur that 
results in the formation of sulphur dioxide 
(SOo) when burned. Most of the gas leaving : 
the furnace of fossil-fueled options is carbon 
dioxide, nitrogen and water vapour, with sulphur 
dioxide making up about 0.17% by volume. 

Traditionally, tall stacks have been used 
to disperse emissions and have successfully 
reduced local impacts of SO. However, the 


use of tall stacks has not solved the problem 
* Flue gas desulphurizationt (FGD) for reducing : 
. pollutants, i.e., acid rain. Therefore, FGD equip- 
¢ Selective Catalytic Reductiont (SCR), low | ; 


of long distance transport and disposition of 


ment is needed to remove sulphur dioxide | 


: from flue gases. 


FGD processes tend to be physically very 


: large and expensive, since large volumes of : 


flue gas must be treated. As sulphur dioxide | 


' isacidic, FGD processes use alkaline materials 
: called reagents to absorb and remove the 
: sulphur dioxide from the flue gas. 


: which could be used: limestone slurry, limestone 


dual alkali, and lime spray dryer. 
The limestone slurry process is widely used 


in the world today. Its the chosen option for 
Lambton, because it is a proven technology. 
While the limestone slurry process is used in 
some retrofits, the limestone dual alkali is 
selected for Options | and 2, because it has 
improved operability and higher removal 
: efficiency than the limestone slurry process. 
: It is also less costly, with 2.5% sulphur coal, 
than either the limestone slurry or lime spray : 


i dryer processes. 


: Inthe limestone dual alkali process, illus- 
trated in Figure 14-13, flue gas leaving the 
furnace is first cleansed of fine ash by an elec- 
: trostatic precipitator and then cooled by a 
spray of recirculating reagent in an absorber. 
Alimestone reaction tank is used to regenerate 
the sodium sulphite/bisulphite reagent used | 
in the absorber. Flue gas then passes through : 
a demister and to the stack for dispersal. Calcium 
sulphite waste is produced in the process, which 
can be used as landfill or be treated to make 
wallboard. About 90% SO, removal efficiency 


: is expected for this process. 


: In Options 3 and 4, the sulphur content 
of the fuel is low enough that an FGD plant i 
is not required. In the IGCC and AFBC options, 

f the removal of SO» is inherent in the conversion 
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Nitrogen Oxides Reduction 


: Oxides of nitrogen have long been recognized 


They are increasingly being recognized as con- 
Basically, there are three main FGD processes 


tributors to low level ozone, as well. 
Oxides of nitrogen are formed when fossil 


: fuels such as coal, oil or natural gas are burned. 
: Flue gases are mostly carbon dioxide, nitrogen 


and water, with NO, making up 0.035% to 


0.07% of the flue gas by volume. There are 
three basic approaches to controlling the emis- 
sions of nitrogen oxides: steam/water injection, 
low NO, burners, and selective catalytic reduc- 


tion. Another possible technology is urea injec- 
tion. Hydro is currently testing this option. 


With steam/water injection, steam or water 
can be injected through the burners to limit 
: flame temperature and to control the pro- 
duction of nitrogen oxides. Significant reduc- 


: tions in NO, emissions can be achieved in : 
: oil or gas-fueled CTUs using this approach. : 


: as causes of smog and ground level ozone. : _All the fossil options have burners designed 


to limit NO, emissions. 


: Selective catalytic reduction, illustrated in | 
Figure 14-14, is the only commercially available : 
post-combustion nitrogen oxide control process. 
Options 1, 2,3, 6,9 and 10all use this process 
to reduce NO, emissions to Hydro standards. 
This is because of the higher loading (ACF) 


expected for these options. 


In this process, anhydrous ammonia is intro- 
duced to the flue gas between the furnace 
and the electrostatic precipitator and the result- 
ing mixture is passed through a catalyst bed 
of vanadium, platinum or titanium compounds. 
The ammonia reduces the nitrogen oxides 
to nitrogen and water in the presence of the 
catalyst. The used catalyst is the only waste 


x 


Figure 14-14 Simplified Block Diagram of SCR 
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processes, as explained earlier. There are no 
: §O, emissions in the natural gas-fueled options. 
: These include Options 5, 6, 7 and the first 
two phases of Option 8. 
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that requires disposal. Up to 80% of NO, emis- 
sions can be removed by this process. The 
catalyst is costly and must be replaced when 
it becomes non-reactive. : 


Particulate Reduction 
Coal, and to a lesser extent oil, contains non- 
combustible material known as ash or par- 
ticulates. Particulate emissions in flue gas are 
objectionable because they contribute to smog, 
respiratory problems and nuisance deposits 
in local communities. Coals burned by Hydro 
are cleaned at the mine to minimize ash levels 
to the extent possible. Hydro has also installed 
emission control devices between the furnace 
and the stack, which typically remove over 
98% of the particulates. As with other emission 
controls, the devices tend to be large and expen- 
sive, because of the very large volumes of flue 
gas which have to be treated. The two basic 
types of particulate control devices are elec- 
trostatic precipitators and fabric filters. 
Electrostatic precipitators are used in all the 
coal-fueled CSC options. | 
| Anelectrostatic precipitator is essentially 
: alarge box containing parallel rows of collecting 
plates and discharge electrodes through which 
the flue gases pass. A high voltage is applied 
to the electrodes and the ash particles become 
electrically charged and adhere to the collecting 
surfaces which are periodically cleaned. This 
method of particulate control is by far the 
most widely used on coal and oil-fueled utility 
boilers, and a forty year life-span is practical. 
| FortheIGCC options, particulate control 
is inherent in the gasification process. For 
the AFBC option, particulate control is provided 
by fabric filters, which are relatively new for 
utility boiler applications. They have high 
removal efficiency.Their operating costs are 
| _ © 450 MW and 881 MW CANDU units 
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higher than electrostatic precipitators, because 
bag filters would normally be replaced every 
three to five years. Overall, a 40-year life can 
: be expected. 


: Radioactivity 
In the CANDU option, radioactivity is controlled 
using the “ALARA” (as low as reasonably achiev- 
: able) concept. Unlike fossil stations, the primary 
heat production process in the nuclear reactor : 
isa “closed cycle”. Under normal conditions, 
radioactivity remains within the uranium oxide 
fuel and the radioactivity is contained further 
in a zirconium alloy sealed sheath. The closed 
circuit heat transport system acts as an additional 
barrier and the whole reactor is contained 
within a containment building. Finally, the 
station is buffered by an exclusion area of 
CANDU concept developed by Atomic Energy 


one kilometre from the reactor core. 


The possibility of accidents which can cause 
failure of these barriers and release of radioac- 
tivity is regarded as a public safety issue and 
is discussed in nuclear safety reports listed 
: in the references to this report. 

In summary, the concept of environmental 
control through containment involves minimal 
radioactive emissions in everyday operations. 
appropriately configured. For options 6, 7, : 
8 and 9, the first phase of each 660 MW unit 


Configuration 


Options are developed around the best unit 
size for each conversion process. Optimum 
unit size is generally a function of economies 
of scale, unit sizes available, experience with 
particular unit size, system application intended 
and system need. Following are the selected 
unit sizes for the range of conversion processes: 


e¢ 500 MW and 800 MW CSC units 
© 150 MW CTUs 

¢ 660 MW CC and IGCC units 

¢ 200 MW AFBC units 
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Another configuration consideration isthe : © 
number of units per station, which also affects | 
cost. Multi-unit stations, tend to have lower : 


: unit costs due to the sharing of common facilities 
: and equipment, sharing of maintenance and : 
: administration staff, and standardization of : 


procedures and training. Hydro’s current stan- 
dard is a four unit station configuration for 
large multi-unit stations that are used for inter- 
mediate and base load applications. The four 
unit standardized configuration is used in i 
Options 1, 2, 3, 8, 9, 10 and 11. 
For peaking applications and where 
small site restricts the number of units, fewer 
units per station are employed. Two units 
per station is the configuration used for 
options 4, 5, 6 and 7, 
CANDU 8 (450 MW unit) isa newadvanced 


of Canada Ltd. (AECL). Asingle unit concept : 
is considered for prototype development and 
a multi-use station is considered for long-term ; 
potential. : 

The third configuration consideration is 
the arrangement of major components. : 

For optimal integration, the individual : 
phases of CC and IGCC options must be : 


comprises three 150 MW CTUs and the second 
phase comprises one 210 MW heat recovery 
steam generator. For options 8 and 9, a third 
phase consisting of an appropriately sized 
gasifier is also required. : 


System Application 


: A conversion process in combination with a 
primary fuel is most suitable for a specific 
use. Some options are most effective when 
used a high percentage of the time. Others 


are best for shorter time periods. For example, 
options which have low capital costs and high 
operating costs are best only when needed 
for peak periods. Options with lower operating 
costs are best run a high percentage of time. 
3 There are three broad categories of system : 
: application: peaking, intermediate and : 


base load. 


Options that are the most competitive at : 
annual capacity factors (ACFs) of up to 20% 
are Classified as peaking options. These include 
: Options 4, 5, 7, and the first phase of Options : 


6 and 8. 


: Options that are most competitive between 
20 and 60% ACF are classified as intermediate 
options. These include Options 2, 3, 6 and : 
8. Options 2, 3 and 8 could also be used for 
base load applications, but at higher cost than 


: the options noted below. 


Options that operate at greater than 60% 
: ACF are classified as base load options. These : 


include Options 1, 9, 10, 11 and 12. 


These options can also be used at the higher ‘ 
: intermediate loads, but at higher cost than : 


: intermediate options. 


| CHARACTERISTICS OF FOSSIL AND 
: NUCLEAR OPTIONS 


Earlier in this chapter, 10 fossil and 2 nuclear 
options are identified as potentially suitable : 
for plan development. These 12 options all 
meet the basic primary criteria. However, there 
are major differences in characteristics, arising 
from the considerations discussed earlier, among 
the options. These characteristics are considered 
: in the selection of options for plan development. 
a) igures 14~14 to 14-18 provide asummary 
of the major characteristics of the 12 options. 
Only major characteristics that show distinct 
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Figure 14-15 


System Application: 


Cost: 


Environmental: 


Socio-Economics: 


Safety: 
Flexibility: 


Resource Preference: 


Technical Soundness: 


Characteristics of Conventional Steam Cycle Options 


(Options 2 &3 are similar to Option 1 except where noted) 
Option1 4x 800 MW US Coal with FGD & SCR 


* Most suitable for base load 

¢ Intermediate load also possible 

* The lowest cost fossil-fueled option at high ACF 

¢ LUEC (1989$): 3.9 ¢/kWh at 80% ACF 

4.5 ¢/kWh at 60% ACF 

* Fuel is a dominant cost component of the life cycle cost, but fuel prices 
are expected to remain low to moderate for the foreseeable future 

¢ With appropriate environmental control equipment, current 
environmental regulations and Hydro standards can be met 

¢ $0. emissions can be mitigated to 1.6 g/kWh with the use of FGDs 

«NO, emissions can be mitigated to 0.25 g/kWh with the use of SCRs 

¢ CO, emissions are 860 g/kWh and cannot be effectively mitigated 

¢ Solid wastes are 96 g/kWh, but most scrubber and ash wastes are 
suitable for reuse in making secondary products such as wallboard 
and cement 

* Significant direct and indirect Ontario employment associated with the 
capital and OM&A components 

¢ US coal must be imported; hence, few Canadian or Ontario jobs created 
due to fuel purchases 

¢ About 45% of life cycle cost is spent in Ontario at 80% ACF 

¢ Existing similar plants have good safety records 

¢ Large units have less operational flexibility 

* Construction lead time of 5-8 years 

* Some flexibility to burn lower sulphur coal 

¢ Fuel is non-renewable, but plentiful resource 

¢ Fuel is non-indigenous to Canada 

* Ontario Hydro has extensive experience with the conventional steam cycle 

* Hydro has no direct experience with the 800 MW unit size, but there is 
extensive world experience 

* No Hydro experience with FGD, but there is extensive experience 
worldwide and good performance demonstrated in the US 

° Experience with SCR is limited to Germany and Japan 
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Option2 4x 500 MW US Coal with FGD & SCR 


¢ Suitable for intermediate and base loads 
¢ Peaking also possible 
eLUEC: 5.0 ¢/kWh at 60% ACF 

6.3 ¢/kWh at 40% ACF 

10.2 ¢/kWh at 20% ACF 


¢ About 60% of life cycle cost is spent in Ontario at 40% ACF 


¢ Operational flexibility for peaking, intermediate and base load 
applications 


* Hydro has extensive direct experience with the 500 MW unit size 
with 12 units in-service 
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Option 3 4x 500 MW Western Canadian Coal with SCR 


¢ Suitable for intermediate and base loads 
* Peaking also possible 
eLUEC: 5.1 ¢/kWh at 60% ACF 
6.2 ¢/kWh at 40% ACF 
9.4 ¢/kWh at 20% ACF 
¢ Fuel prices not affected by fluctuating exchange rates 
e Large portion of fuel cost is transportation 
¢ $0, emissions are 2.3 g/kWh because of low sulphur content 
of coal 
¢ CO, emissions are 910 g/kWh 
* Solid wastes are 48 g/kWh and consist mainly of ash 


¢ Employment and regional development benefits mainly in western 
provinces 
* About 55% of life cycle cost is spent in Ontario at 40% ACF 


¢ Operational flexibility for peaking, intermediate and base load 
applications 


¢ Fuel is indigenous to Canada but not Ontario 


* Hydro has extensive direct experience with the 500 MW unit size 
with 12 units in-service 

¢ Hydro has experience with western Canadian coal blended with 
US coal in eight 500 MW units 


* Hydro has no experience with the larger boilers required for 500 MW 


units burning western Canadian coal (not blended) 
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Figure 14-16 


System Application: 


Cost: 


Environmental: 


Socio-Economics: 


Safety: 
Flexibility: 


Resource Preference: 


Technical Soundness: 


Fn 
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Characteristics of Combustion Turbine Unit Options 


(Option 5 similar to Option 4 except where noted) 


Option 4 2x 150 MW Oil-fueled 


* Most suitable for peaking 

¢ Intermediate and base loads possible but costly 

¢ Light fuel oil is the most expensive fossil fuel 

* Although fueling cost is high, the low capital cost makes the CTU option 
cost effective at low ACF operation 

e LUEC (1989$): 10.4 ¢/kWh at 20% ACF 

12.8 ¢/kWh at 10% ACF 

¢ Fuel prices are highly uncertain and are expected to increase inthe 
long term 

¢ Current environmental regulations and Hydro standards can be met 

¢ Peaking application reduces potential environmental impacts 

¢ Light fuel oil is low in sulphur content and SO, emissions are similar to 
scrubbed US coal at 1.6 g/kWh 

¢ NO, emissions are about 0.9 g/kWh based on current technology, but are 
expected to be lower with advances in CTU design 

¢ C0, emissions comparable to US coal at 860 g/kWh 

*No solid wastes 

¢ Limited employment benefits in Ontario due to use of imported fuel which 
is the dominant component of life cycie costs 

* About 30% of life cycle cost is spent in Ontario at 10% ACF 

¢ Potential for expansion of manufacturing base of CTUs in Ontario 

¢ Existing similar plants (of smaller sized units) have good safety records 

¢ Construction lead time of 1 — 2 years provides planning flexibility to meet 
higher than expected load growth 

¢ Manufacturing capability may be a constraint 

¢ Fuel oil can be stored 

* Operational flexibility, especially for peaking 

* Long-term supply uncertainty 

¢ High value in alternative applications 

¢ Fuel is non-renewable but indigenous to Canada 

¢ Although CTUs of the size proposed are still in development state, the 
option is based on proven design with many years of world experience 

¢ Should this size prove impractical, Hydro has the option to install more 


units of smaller sizes 
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Option 5 2x 150 MW Natural Gas-fueled 


eLUEC: 8.5 ¢/kWh at 20% ACF 
10.7 ¢/kWh at 10% ACF 
¢ Gas prices are forecast to have long term 


real increases but to remain lower than oil 


* No SO, emissions 


¢ At 605 g/kWh CO, emissions are low relative 


to other fossil fuel options 


* At 10% ACF about 30% of life cycle cost is 


spent in Ontario 


¢ To utilize interruptible gas (lower price) 
requires stored oil fuel as a backup 
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Figure 14-17 


System Application: 


Cost: 


Environment: 


Socio-Economics: 


Safety: 
Flexibility: 


Resource Preference: 


Technical Soundness: 
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Characteristic of Combined Cycle Options 


(Option 7 similar to Option 6 except where noted) 


Option6 2x 660 MW Natural Gas ~ Fueled With SCR-Intermediate 


* To meet intermediate load, but also suitable for peaking 
* Base load possible but costly 
e LUEC (1989$): 6.0 ¢/kWh at 60% ACF 
6.9 ¢/kWh at 40% ACF 
¢ Higher efficiency makes it more cost effective than CTUs at ACFs 
higher than about 20% 


¢ Current environmental regulations and Hydro standards can be met 

¢ No SO, emissions 

* NO, emissions can be mitigated to 0.25 g/kWh with the use of SCRs 

* At 430 g/kWh, CO, emissions are among the lowest fossil options 

¢ No solid wastes 

¢ Limited employment benefits in Ontario, due to use of imported fuel, 
which is dominant component of life cycle costs 

¢ At 40% ACF about 35 — 60% of life cycle cost is spent in Ontario 


¢ Modular or staged development may reduce local community impacts 


* Potential for expansion of manufacturing base of CTUs in Ontario 

¢ Existing similar plants elsewhere have good safety records 

e Short construction lead times of 3-5 years and potential for phased 
development provide planning flexibility 

¢ To utilize interruptible gas (lower price) requires stored oil fuel as a 
backup 

* Operational flexibility over a wide range of system applications 

¢ Long-term supply uncertainty 

¢ High value in alternative applications 

¢ Fuel is non-renewable but indigenous to Canada 

¢ Although Hydro has no direct experience with CCs, the option has 
proven worldwide experience 

¢ Characteristics of CTUs that make-up CCs are the same as for 
Options 4 and 5 
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Option 7 2x 660 MW Natural Gas-Fueled- 
Peaking 

* To meet peaking, but also suitable for 
intermediate load 

* LUEC: 8.6 ¢/kWh at 20% ACF 

13.1 ¢/kWh at 10% ACF 

¢ Due to higher efficiency, this option may 
become lowest cost peaking option, if natu- 
ral gas prices increase more than forecast 

¢ At 425 g/kWh, CO, emissions are the lowest 
amongst fossil options 


° At 10% ACF about 45 — 65% of life cycle cost 7 
is spent in Ontario 


Figure 14-18 


System Application: 
Cost: 


Environmental: 


Socio-Economics: 


Safety: 
Flexibility: 


Resource Preference: 


Technical Soundness: 
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Characteristic of GCC and AFBC Options 


(Option 9 and 10 similar to Option 8 except where noted) 
Option8 4x 660 MW US Coal — Fueled Phased IGCC 


¢ Phased construction makes the option suitable for the whole range of applications 

¢ Phased IGCC offers cost advantages by matching the development of individual phases to the system 
requirements 

* LUEC (1989$): 11.6 ¢/kWh for CTU phase at 10% ACF 

7.2 ¢/kWh for CC phase and operation at 30% ACF 
6.0 ¢/kWh for IGCC phase and operation at 45% ACF 

* Current environmental regulations and Hydro standards can be met 

¢ For the first phase, emissions are similar to the CTUs of Option 5, and for the second phase they are similar 
to the CCs of Option 7 

¢ Emissions for the IGCC phase are: 
$0, - 0.52 g/kWh 
NO, — 0.3 to 0.5 g/kWh 
CO, - 905 g/kWh 

¢ Dry solid wastes for IGCC phase, which can be easily managed, are 31 g/kWh, putting it among the lowest coal options 

* Significant direct and indirect Ontario employment associated with the capital and OM&A components 

¢ Fuel must be imported; hence few Canadian or Ontario jobs created due to fuel purchases 

° At 40% ACF about 50 — 60% of life cycle cost is spent in Ontario 

* No safety risk is expected 

* Phased IGCC offers good planning flexibility, development of the option in phases results in short lead time 
and ability to match generation to system requirements 

* Phase | offers CTU economy for peaking needs 

¢ Phase II offers the ability to handle increased loads/higher gas prices 

° Phase III gives the ability to produce synthesis gas from lower cost coal, thus providing flexibility of fuel switching 
and economy at higher ACF operations 

* Phase | and I! use natural gas as their main fuel and have resource preference similar to Option 5 

¢ Phase !I| uses US coal as its main fuel and has resource preference similar to Options 1 and 2 

¢ Ontario Hydro has no direct experience with this technology 

¢ Commercial applications worldwide are limited to demonstration units of 100 MW size 

¢ Although the component phases are well known, long-term performance of the concept has not been 
demonstrated ; 
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Option9 4x 660 MW US Coal-Fueled Unphased IGCC with SCR 
* Most suitable for base joad, but intermediate load also possible 


eLUEC: 4.2 ¢/kWh at 80% ACF 
4.8 ¢/kWh at 60% ACF 


¢ At 0.47 g/kWh, SQ, emissions are the lowest amongst the coal options 

¢ NO, emissions can be mitigated to 0.25 g/kWh with the use of SCRs 

* CO, emissions are 805 g/kWh 

¢ Dry solid wastes, which can be easily managed, are 28 g/kWh, making 
it the lowest of the coal options 


* At 80% ACF about 50 —- 60% of life cycle cost is spent in Ontario 


¢ Lacks the planning flexibility associated with phased construction 


¢ Similar to Phase III of Option 8 
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Option 10 4x 200 MW US Coal-Fueled AFBC with SCR 


* Most suitable for base load, but intermediate load also possible 
¢LUEC: 5.2 ¢/kWh at 80% ACF 
6.1 ¢/kWh at 60% ACF 


¢ $0, emissions are comparable to scrubbed US coal at 1.7 g/kWh 

¢ NO, emissions can be mitigated to 0.25 g/kWh with the use of SCRs 
* CO. emissions are 920 g/kWh 

* Solid wastes are 82 g/kWh 


© At 80% ACF about 50 — 60% of life cycle cost is spent in Ontario 


¢ Can be designed to use a number of low-grade fuels 
¢ Lacks the planning flexibility associated with phased construction 


¢ Similar to Phase III of Option 8 


* Ontario Hydro has no experience with this concept 

¢ Some world experience, but limited to small size 

e Long term performance has not been demonstrated, especiaily for 
base load applications 
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Figure 14-19 


System Application: 


Cost: 


Environmental: 


Socio-Economics: 


Safety: 


Flexibility: 


Resource Preference: 


Technical Soundness: 
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Characteristics of Candu Options 


(Option 12 similar to Option 11 except where noted) 
Option 11 4x 881 MW CANDU 


¢ Most suitable for base load application 

¢ Suitable for intermediate load (40 to 60%) 

¢ Although capital cost is high, the relatively low operating costs make 
this option the lowest cost option for base Joad applications 

¢ LUEC (1989$): 3.1 ¢/kWh at 80% ACF 

4.0 ¢/kWh at 60% ACF 

¢ Current environmental! reguiations and Hydro standards can be met 

The CANDU system is a closed system which under normal operation 
has virtually no emissions; historically releases have been less than 1% of AECB approved levels 

¢ Principal by-products include low volume but long-lived high and low-level radioactive waste 

¢ A method forthe long-term disposal of used fuel is undergoing a public review by the federal Environmental 
Assessment Review Panel 

* Significant direct and indirect Ontario employment benefits 

¢ At 80% ACF over 85% of life cycle costis spent in Ontario 

¢ Community impacts moderate for existing sites, potentially significant 
for new sites 

¢ Utilize and possibly expand the existing infrastructure in the Ontario nuclear industry 

¢ The public is concerned that there is a risk of radioactive release 

¢ Excellent safety record 

* Design meets all AECB requirements 

* Public safety concerns have been extensively reviewed, most recently by Dr. F.K. Hare in the Ontario Nuclear 
Safety Review. It was found that Ontario Hydro reactors are being operated safely and at high standards of technical 
performance 

¢ Operational flexibility limited until cycling capability is well-established 

¢ Construction lead times of about 5—8 years restricts planning flexibility 

¢ Uranium is indigenous to both Ontario and Saskatchewan 

¢ Non-renewable but plentiful and concentrated resource 

* Fuel has few alternative uses 

¢ Well-established and proven technology with many years of Ontario Hydro experience 

¢ Demonstrated benefits from a standardized nuclear program 
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Option 12 1 x 450 MW CANDU 


¢ At 80% ACF LUEC is estimated to be 
above 4 ¢/kWh 


¢ Community impacts moderate, due to 
small size 


* ls expected to have similar safety 
characteristics as the more established 
881 MW CANDUs 


* Estimated construction lead times of 3 to 
5 years provide more planning flexibility 


¢ Requires prototype to demonstrate 
commercial viability 
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: differences among the options are outlined : 


_ RATIONALE FOR SELECTION OF OPTIONS | 


: to highlight the dominant characteristics that FOR PLAN DEVELOPMENT 


: entered the selection process. More details : | 
| Earlier in this chapter, 14 major supply options | 


- on the characteristics of these options are 


' contained in the background documents for : 
: the Demand/Supply Plan. All estimates shown : 


: in these Figures are for installation of the 
: options on an existing site. 


Figure 14-20 shows the environmental per- | 
: formance for the 10 fossil options. Figure 14-21 


: shows the LUEC estimates for the 10 fossil 


: and 2 nuclear options for a range of Annual : 
: Capacity Factors, again assuming installation : 


: on an existing site. 


were identified as being potentially suitable : 
for plan development. The two purchase options 
: were described and the reasons why the Quebec | 
: offer was turned down, and agreement reached 


with Manitoba, were explained. This section 


evaluates the remaining fossil and nuclear : 
: options and selects the six options used in : 


plan development (Chapter 15). 


The ten fossil (coal, oil, gas) options were | 


: extensively analyzed in the Thermal Cost Review. 
3 The 4x881 MW CANDU option was extensively : 
_ reviewed in the Ontario Nuclear Cost Inquiry. - 
: The 1x450 MW CANDU 8 option is an inno- : 
: vative, new CANDU concept that has undergone 3 
: research and study by AECL. 7 


The construction of major transmission lines is a key 


component of purchases from neighbouring utilities. 
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Figure 14-20 Environmental Performance of Fossil Options 


Option Description 


1 4x 800 MW US Coal CSC/FGD/SCR 
2 4x 500 MW US Coal CSC/FGD/SCR 
3 4x 500 MW WC Coal CSC/SCR 
4 2x 150 MW Oil CTU 
5 2x 150 MW Gas CTU 
6 2x660 MW CC/SCR - Intermediate 
7 2x 660 MW CC - Peaking 
8 4x 600 MW Phased IGCC* 
9 4 x 660 MW Unphased IGCC/SCR 
10 4x 200 MW AFBC/SCR 


$02 
(g/k Wh) 
1.6 
1.6 
2.3 
1.6 
0 
0 
0 
0.52 
0.47 
17 


NOx 

(g/k Wh) 
0.25-0.31 
0.25-0.31 
0.25-0.31 
0.88 

0.87 
0.25-0.31 
0.62 
0.30—-0.53 
0.25-0.31 
0.25-0.31 


*Data shown are for IGCC phase, CTU and CC phasees are similar to Option 5 and 7, respectively 


Figure 14-21 LUEC Summary for FOSSIL and Nuclear Options 


Option Number Description 
1 4x 800 MW US Coal CSC/FGD/SCR 
2  4x500 MW US Coal CSC/FGD/SCR 
3 4 x 500 MW WC Coal CSC/SCR 
4 2 x 150 MW Oil CTU 
5 2x 150 MW Gas CTU 
6 2x660 MW CC/SCR - Intermediate 
7 2 x 660 MW CC — Peaking 
8 4 x 660 MW Phased IGCC 
9 4 x 660 MW Unhased IGCC/SCR 


10 4x 200 MW AFBC/SCR 
11 4x 881 MW CANDU 
42 1 x 450 MW CANDU 


10%ACF 
15.6 
18.0 
15.8 
12.8 
10.7 
13.9 
13.1 
N/A 
18.5 
24.7 
22.0 
N/A 


c02 


(g/k Wh) 


860 
860 
910 
860 
605 
430 
425 
905 
805 
920 


LUEC in 1989 cents/kWh 
20%ACF  40%ACF 


9.0 
10.2 
9.4 
10.4 
8.5 
9.2 
8.6 
N/A 
10.4 
13.6 
11.2 
N/A 


5.6 
6.3 
6.2 
9.1 
7.2 
6.9 


6.5, 


6.0 
6.2 
8.0 
5.8 
N/A 


Notes: LUEC estimates are calculated based on Existing Site and assumed in-service date of October 2002. 


*LUEC for the CANDU 3 option is estimated to be greater than 4 cents/kWh at 80% ACF based on preliminary data 


60%ACF 


4.5 
5.0 
5.1 
8.6 
6.8 
6.0 
5.6 


N/A 


4.8 
6.1 
4.0 


N/A 


Solid Wastes 
(g/k Wh) 


9 
9 
4 


80%ACF 
3.9 
4.3 
4.5 
8.5 
6.6 
5.5 
ped 
N/A 
4.2 
5.2 
3.1 
>4* 
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The main characteristics of these 12 options : 


are described in the previous section against | 
: the evaluation criteria discussed earlier. These 
: characteristics will play an important role'in : 
: the selection ofoptions for plan development. : 


It is also important to select options from 


different conversion processes that best meet 
the evaluation criteria. Carrying forward a 
number of distinctively different options enables 
the formulation and evaluation of plans with 
significantly different characteristics. , 


The selection of options must also consider | 


: the requirements of the Bulk Electricity System. 
: As explained in Chapter 3, system requirements : 
: consist of base, intermediate and peaking loads. : 
: However, no single generation option has all : 
: the characteristics that best meet needs over 
the entire base load to peaking range. Therefore, : 
it is necessary to select a mix of options. : 


Options Selected to Meet Base Load 
Requirements ; 
Future requirements for new major supply : 
: in the 25-year planning horizon total 15 GW 
: of capacity and 61 TWh of energy in the median : 
: forecast. The existing base load plants will 
: not be sufficient to supply the increase in base 
load requirements. Therefore, plans will require 
options which can provide a substantial amount 
of base load capacity. | 


The options considered suitable for plan | 


: development (base load) are: 
_ ©Option] - 4x800MW UScoal-fueled CSC | 
- equipped with FGD and SCR : 
_ Option 9 - 4x 660 MWIGCC (unphased) | 
equipped with SCR; and 
: @ Option 11 - 4x 881 MW CANDU 


Three of the six conversion processes - : 


| CTU, CCand AFBC are not suitable, because : 
: of their high fueling costs. In the unlikely : 


he 


However, no single generation 
option available has all the 
characteristics that best meet 
the needs over the entire base 


load to peaking range. 


event of large reductions in gas prices (current : 
and forecast), gas-fueled, base loaded Combined 
Cycle stations could become economic. Such 
a station in place of one CANDU station would 
: consume gas equivalent to 25% of the total 


: 1988 Ontario consumption. 
: CSC for Base Load Requirements 


2 Rationale for Selecting Option I - 
| 4x800 MW CSC 


: This option is selected as the fossil base load 
alternative for plan analysis. As shown in 
Figure 14-20, this option is the lowest cost 
(3.9 ¢/kWh at 80% ACF) fossil option for | 
base load applications. Although this option 
has high initial capital cost, it is slightly lower 
than the nuclear options. Unlike nuclear, fuel 
isa dominant cost component of the option’s : 
life cycle cost, hence its economics are very 
sensitive to changes in long-term coal prices. 
However, coal prices are expected to remain 


i stable in the long term. 
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This option is equipped with appropriate : 
: environmental control equipment to meet al] 3 
2 current environmental regulations and Hydro 
: standards. This equipment includes FGDs, which : 
: would remove over 90% of SO.; SCRs, which 
| would remove up to 80% of NO,; and pre- : 
: : IGCC and AFBC for Base Load 

: Requirements 

Although the fuel used is non-indigenous : 

| Rationale for Selecting Option 9 - 


| cipitators, which would remove over 98% of 
' particulates in the flue gas. 


to Ontario and a non-renewable resource, it is 
a plentiful resource with proven reserves of 
hundreds of years at current production levels. 
Ontario Hydro has extensive experience : 
with the CSC concept. Although Hydro has 
no direct experience with the 800 MW unit 2 
size, there is extensive world experience. : 


; Rationale for Not Selecting Option 2 


or 3 - 4x500 MW CSC 


Option 1 is selected as the best option amongst 
the CSCs for base load applications. Its char- 
acteristics are sufficiently similar to those of 3 
Options 2 and 3 to be considered representative 
: of the CSCs for the purpose of plan analysis. | 
As shown in Figure 14-21, the smaller CSC 
: option has higher costs than Option 1 for 
: base load applications, : 
| Option 2 is simply a smaller version of | 
Option 1. There is some operational flexibil- 
ity advantages for lower ACF operation asso- 
ciated with smaller unit size. However, since 
there is little difference at higher ACF opera- 


tion, Option 2 is not selected for base load 
applications. 
In Option 3, the use of lower sulphur western 


Canadian coal results in sulphur dioxide emis- 
sions similar to those for Option 1. Because : 
scrubbers are not required, the solid wastes 
for Option 3 are half that of Option 1. How- | 

: efficiency, and is an optimal design for lower ‘ 
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ever, its CO, emissions are slightly higher than 


Option 1. The differences in environmental : 


and resource preference characteristics do | 
not offset the higher cost for Option 3. Hence, 


Option 3 is not selected. 


Unphased IGCC 


| The 4x660 MW unphased IGCC is selected | 


to provide a representative from among the : 


developing fossil options for the purpose of 


plan development and analysis. Although 


Hydro has no direct experience with the 


* marginally higher in cost than Option 1 for | 
base load applications, Option 9 promises 
: improved environmental performance and 
efficiency. 


IGCC concept. Commercial applications world- 


wide are limited to demonstration units of 
100 MW size. Although the components of 
the IGCC concept are well understood, long- 
term performance has not been demonstrated 
on a large scale for base load applications. 


: As a promising high-efficiency, clean-fossil 


option, it is appropriate for consideration in : 


plan development. However, there are some : 


Perrott ys 


concerns about its undemonstrated perfor- : 


mance that would restrict it to implementation 


later in the planning period to allow sufficient : 


: Rationale for Not Selecting Option 8 - 


Phased IGCC or Option 10 - AFBC 


: time for Hydro to gain confidence in the concept. : 


Option 8 is similar to Option 9 except the : 
gasifier portion of the plant is of a different | 
design that is lower in cost but also lower in | 


Annual Capacity Factor operations. Although 


: 20 


25: 
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: All nuclear reactors used by Ontario Hydro 
: are CANDU types. 
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- Option 8 provides planning flexibility due to ; 
: phased construction, it is more suitable for : 
: intermediate or peaking applications due ; 
| mainly to its gasifier design. 3 


As shown in Figure 14-21, the LUEC for 


|: the AFBC option is over 20% higher than the 
: LUEC for the IGCC option for base load appli- 
cations. Although a developing clean coal 
fe option, AFBC has poorer environmental per- - 
Mae = formance characteristics than IGCC. It has | 
: slightly higher CO, emissions, but significantly 
, higher SQ, emissions and solid wastes than 
: the IGCC. Its only advantage is that it can be 
3 designed to use a number of low grade fuels. | 
As with the IGCC, Hydro has no experience : 
" with AFBC and there is limited world experience. 
: Long-term performance of the option has not 

- been demonstrated, especially for base load | 
: applications. Accordingly, Option 10 is not : 
: selected for plan analysis. The IGCC option 3 
: appears better suited for base load applications | 
: among the developing fossil options. 


- CANDU for Base Load Requirements 


a © Rationale for Selecting Option Il - 
fe 4x881 MW CANDU 
B : Asillustrated in Figure 14-21, the 4x881 MW | 
| CANDU is the lowest cost (3.1 cents/kWh at | 
: 80% ACF) option for base load applications. 
: Despite high capital costs, its low fueling costs 
' contribute to making it an option that has 
' low life cycle costs and very stable, inflation 


resistant, annual energy costs. } 
The CANDU meets all current environ- 


mental regulations and Hydro standards, and : 


would assist in meeting anticipated CO, reg- : 


: ulations. A method for the long-term disposal 

: of used fuel is undergoing a public review by ; 
: the federal Environmental Assessment Review : 
- Panel. Public safety concerns have been exten- 
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Combustion turbine units are suitable for meeting peak power demands. 


sively reviewed, most recently by Dr. F.K. Hare : 
: in the Ontario Nuclear Safety Review. It was : 
: found that Ontario Hydro reactors are being : 


: operated safely and at high standards of tech- 


: nical performance. Dr. Hare also determined : 
that the risk of accidents serious enough to : 


: affect the public adversely can never be zero, 
_ but is very remote. 
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The CANDU is fueled with uranium that 
is indigenous to both Ontario and Saskatchewan. 
Although uranium is a non-renewable resource, 
itis a plentiful resource with few alternative 
uses. 


The 4 x 881 MW CANDU is based on a : 
: well-established and proven technology with 


many years of successful Hydro experience. 


Continuation of the standardized nuclear pro- 
: gram would result in long-term benefits includ- 


20 


25 
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2 : 


ri.) 


3 


: ing lower costs, and continuity of work for : 
: major component suppliers. 


| Rationale for Not Selecting Option 12 - 
| CANDU 3 

The CANDU $ isan advanced CANDU concept | 
developed by Atomic Energy of Canada Limited 
: during the past few years. This concept promises 
: cost reductions and improvements in the lifetime 


be economically advantageous for Canadian : 
and overseas applications. cations at 10% ACF. It is an environmentally 
Hydro’s assessment of the CANDU 3 concept 
: concludes: solid wastes. NO, emissions are within Hydro 
_ ©Since no CANDU 3has been built and proven, 3 
: Ontario Hydro cannot consider it for a large 
scale commercial program of electric supply 
at this time; and ; 
¢ Even assuming a CANDU 3 is built and per- 
3 forms reliably, it does not promise economic 
improvement over the economies of scale 
already provided by the proven standardized 
: 4x881 MW stations utilized by Ontario Hydro. 
: Because of these two considerations, the 
CANDU 3 is not proposed asa current option 
for large scale development. However, rec- 
ognizing the interest in a smaller size alternative 
for both Canadian and overseas applications, feature is its ability to use light fuel oil as an 
| Hydro has indicated that it is willing to consider : 
: purchasing electricity from a CANDU 3 unit : 
at avoided costs. 7 contracts for natural gas. 
' Options Selected to Meet Peak Load 
| Requirements 

Even with the implementation of load shifting 
: programs and the development of the remaining | 
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economic hydroelectric sites in Ontario, there 
' will still be aneed for additional peaking options, | 
For peaking application, four of the six 
conversion processes — CSC, unphased IGCC, : 
AFBC and CANDU - are unsuitable because 
of the high LUEC for low capacity factor oper- 
ation. The three options retained for plan 
development (peak load) are the CTU, CC 
: Phase 1 and Phased IGCC - Phase 1. : 
capability factor of the nuclear reactor through 

: changes such as the improved maintainability CTU for Peaking Load Requirements 
and constructability of the reactor. It features 

: a 450 MW unit, as compared with the 4x881 
: MW standard units used in Hydro’s 4x881 MW 
stations. AECL judges these smaller units to 


: Rationale for Selecting Option 5 - 


Gas CTU 


As illustrated in Figure 14-21, the gas-fueled | 
: Rationale for Not Selecting Option 4 - 


CTU is the lowest cost option for peaking appli- 


clean option with no SO, emissions and no : 


standards and are expected to be lower in : 
the future as advances are made in CTU design. : 


CO, emissions are about 30% lower than those 


: of coal and oil-fueled options. 
Construction of CTUs at existing fossil facil- 
: very small advantage does not offset its poorer 


ities is the shortest lead time major supply 


option available, providing planning flexibility 
to meet higher than expected load growth. 
: These operating stations provide short lead 
time by having trained operating and main- 
tenance staff available and by making best 
use of existing transmission, land and other 
station service facilities. Another flexibility 


alternate fuel. By providing oil backup, Hydro : 
can take advantage of lower price interruptible : 


Natural gas, with alternative uses in heating : 
: and in the chemical industry, faces potential : 
: long-term shortages in supply as a fuel for 
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electricity generation. Natural gas prices are : 
highly uncertain and are expected to increase : 
in the long term. However, addition of the 
CC phase, to improve efficiency; and the 
gasification phase, to permit a switch to lower 
cost coal, can offset potentially high gas prices : 
in the future. : 

Although the 150 MW CTU size proposed 


' for this option is still in a development state, : 
the design is based on a proven conversion : 
process with many years of world experience. 
Ifthis CTU size were proven impractical, Hydro 
has the option to install more units of a smaller 


size. 


Oil CTU 
Option 4 is similar to Option 5 exceptits primary : 
fuel is light fuel oil. Because oil prices are 
expected to remain higher than natural gas, : 
this option has costs that are higher than Option 


: 5 forall applications. This option hasno inher- : 
: ent advantages over Option 5 exceptits ability 


to store fuel in large quantities. However, this : 
environmental performance and higher costs. : 


CC and IGCC for Peaking Load 
Requirements 
As illustrated in Figure 14-21, the CCs and | 
IGCCs all have LUECs that are higher than 
Option 5 for low ACF operations. However, 
as the ACF goes above 20%, the CCs become | 
more economic, and as the ACF goes above 
40%, the IGCCs have the economic advantage. 

Although CCs and IGCCsare not specifically 
selected for peaking, the selection of CTUs : 
provides the flexibility to undergo these con- 


: version processes, when warranted by increasing : 
demand or fuel prices. Hence, the first phase ‘ 


: Plans address the need to link stations 


to the existing transmission grid. 
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| of CC and IGCC can be considered suitable 
: for peaking applications. 


Options Selected to Meet Intermediate 

: Load Requirements 

Studies have shown that future requirements 
consist mainly of base and peaking loads. The 
# = intermediate load requirements are expected 
| to be mostly met with existing coal-fueled sta- 


' horizon that additional intermediate capacity : 
may be required. : 
Asillustrated in Figure 14~21, options that 
are cost competitive for base load applications 
: are also competitive at the high-intermediate 
load range. Hence, selected options for base 
: load applications may also be suitable for high- : 
intermediate load applications. 
Options that are cost competitive for peaking 
applications are also competitive at the low- 
: intermediate load range. Hence, selected 
options for peaking load reqirements may 
also be suitable for low-intermediate load 
| requirements. - Load Requirements 
Therefore, the selection of options for inter- 

mediate load applications does not have to 
re-evaluate options that are ideally suitable 
: for applications within narrow bands of the : 
base and peaking ranges. These include the 
CANDU and CTU options. : 
| The two additional options not previously 
selected for peaking and base load application 
: are: 


: © Option 6 - 2x 660 MW CC equipped with : 
: SCR; and 
i ¢ Option 8 - 4 x 660 MW Phased IGCC - : 


| phase 2 
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CSC for Intermediate Load 


| Requirements 


| Rationale for Not Selecting Any CSC 
Options | 
As explained earlier in the selection of base : 
load options, Option 1 is the best CSC for | 
base load applications. This also applies for 3 
the high-intermediate range of applications. 


: tions. It is only later in the 25-year planning : Hence, no new option has to be selected to | 


represent the CSC for this purpose. 


Since there are technical limitations to 
the cycling capabilities of the large CSC units, 
the smaller CSC units may be more appropriate : 
at the low-intermediate range of applications. 
However, CTU/CCs are more cost effective : 
and have better environmental and flexibility : 
characteristics for this range of applications. 
Therefore, a representative option from the 
CSC is not necessary for the limited application 


for which it might be suitable. 


CC , IGCC and AFBC for Intermediate 


: Rationale for Selecting Option 6 - 
: CC and Option 8 - Phased IGCC 
: Options 6 and 8 provide the maximum planning 
flexibility among the CC, IGCC and AFBC | 
' for a wide range of intermediate load appli- | 
: cations. Developmentin phases results in short ; 
lead time and ability to match generation to 
' system requirements. The first phase, CTU, : 
: of these two options can be developed for 
: peaking applications. As demand increases : 
or as gas price increases, the second phase ; 
can be added to provide additional capacity 
and improved efficiency. For Option 8, the 
third phase can be added to produce synthesis 
gas from lower cost coal, thus providing flexi- 


25 


| © Option 1 - 4x800 MW US coal-fueled CSC | 
| : projects. 2 
The siting of generating stations may be 


bility of fuel switching and economy at higher 3 
: ACF operations. 3 
: Both options have environmental char- 
: acteristics that are equal to or better than 
: CSC options. 

Ontario Hydro has no direct experience | 
with either option, but considerable experience 
: exist worldwide for the CC, even though com- 
mercial application of the IGCC concept is 
' limited. By developing in phases, implemen- | 
tation of the third phase can be postponed : 
: to allow sufficient time for Hydro to gain 
confidence in the IGCC as it matures. 


| Rationale for Not Selecting 
| Options 7, 9 and 10 

Option 7 is designed for peaking applications 
and is represented by Option 6 for intermediate 
load applications. Similarly, Option 9 is intended 
for base load applications and is represented 
by Option 8 for peaking and intermediate 
load applications. 3 
Option 10 is not economic and does not 
have any environmental advantages over other 
options for intermediate load applications. 
Hence it is not selected for inclusion in plan 
3 development. 3 


' Summary 
Seven major supply options are selected from 
among the fourteen purchase, fossil, and nuclear 
options for plan development. These seven 
options are classified by the system application 
3 to which they are most suited. For base load 
© site categories and sites; and 
* siting considerations for future specific 
such as: 


applications four options are selected: 


: with FGD and SCR; 
: ©Option9 — 4x660 MW unphased IGCCwith : 
: SCR; 


| © Option 11 - 4x881 MW CANDU; and 
i ©Option 13 - 1000 MW Manitoba purchase. : 
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For intermediate load applications, two 


: options are selected: 


¢ Option 6 - 2x660 MW CC with SCR; and 


"© Option 8 - 4x660 MW phased IGCC, 
| For peaking load applications, one option is | 


selected: 


: * Option 5 - 2x150 MW gas-fueled CTU. 


Options | and 11] are also suitable for high 


2 SITING CONSIDERATIONS 


: The purpose of this section is to discuss the : 


siting implications of the selected fossil and 


nuclear options in the plans that are discussed 
in Chapter 15. Existing and identified | 
' sites are considered for illustrative purposes | 
to ensure that cost estimates are realistic and , 


comprehensive. 


The following topics are discussed with : 


respect to fossil and nuclear sites: 


: ® technical and economic criteria for generating : 
: station sites; 
: © five different categories of sitesin the Major 


Supply Plan; 


* how illustrative sites have been used to develop 


the Major Supply Plan; 
® candidate sites; 
® new sites; 


: influenced by the transmission system and : 
: Adequate land; and 
: ¢ Transportation access. 
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: vice versa. The next section will discuss the | 
: general transmission system and the implications : 
: to the sites identified in this section. 


Technical and Economic Criteria 


: Social, environmental, economic and technical 
considerations all enter into the selection pro- 
In addition to the above, some of the 
| 7 options are suitable for other applications. 


cess for generating station sites. Local con- | 


sultations will be conducted in the course of 
siting studies, which will assist in the preparation 
intermediate load applications. The first phase 
of Options 6 and 8 are also suitable for peaking : 
: load applications. 


of site specific environmental assessments. To | 
be acceptable for further consideration, poten- : 


: tial sites must first meet some basic technical 
and economic criteria. These siting criteria 
' are applied to identify the sites assumed in | 
formulating plans. They are also used to identify 
areas in which new sites may be located. : 


The following is a brief description of the 


: basic technical and economic criteria: 


Geographical balance between generation and load 
Sites should maintain a geographical balance : 
of generation and load to achieve operating 


. flexibility and overall system reliability, and 


reduce new transmission requirements and : 


: transmission losses. 


: Limited generation at one site 


No site should exceed 35% of the total system 


: generation requirements in its annual energy : 


production. Larger concentrations of generation : 


: at one site would endanger bulk power system : 
' reliability and security. 


Physical requirements for specific options 


Each option has certain physical requirements, : 


* Adequate cooling water; 
¢ Sound foundation; 


Infrastructure and access for the delivery | 


: of major equipment, construction material, 
: and large quantities of fuel are necessary. 


' Reliable transmission incorporation 
: The distance ofa site from the existing trans- 


: eration and load in broad areas of the province 
' are two important aspects of transmission incor- 
: poration. Sites should either have existing : 


: transmission facilities or provision for con- 


: nection to the Bulk Transmission System. : 


: Maintaining a regional balance between load 


: the requirement for inter-area transmission : 


: facilities. 


: Effective land use 


Sites should be utilized optimally. Large sites 
: should be reserved for the larger major supply : 
: options such as multi-unit CSC, IGCC and : 


CANDU. Smaller sites should be used to accom- 


: modate the smaller options such as CTU and 
: CC. Existing fossil sites should be utilized to 
the extent practical and made available for 
reuse when they are retired or decommissioned. 7 


Lead time 


: Existing Hydro sites have shorter lead time 
: than new sites that Hydro has to acquire, espe- 
, cially if there is an operating station already 3 
on the site with all the related infrastructure. : 
Lead time considerations are very important, | 
especially when siting options like CTUs under 


: upper load growth. 


: Cost 


In developing the cost estimates for the major : 
: supply options, general economic implications : 
: be suitable for installation of one or more of : 


: of sites are considered. 
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Site Categories 


i The following five site categories are used in 
: the development of Major Supply Plans: 


Existing Stations /Sites - Available For 
| Expansion 

: mission system and the balance between gen- 
- have been examined to determine whether 


or not they are suitable for expansion for one 
or more of the six selected fossil and nuclear 


: options. Existing fossil stations are particularly 


suitable for short lead time CTU to meet upper 


load growth. They offer economy through the 
: and generation reduces, but does not eliminate, : 


located at these sites and maximize the use 


pipelines and have space for oil storage. 


Existing Sites - Without Station 


This category includes existing Ontario Hydro 
sites suitable for installation of one or more 
of the selected fossil or nuclear options. 
Wesleyville A and B are the only two sites in 


this category at this time. 


: Existing Stations /Sites - Available For 


Redevelopment in Plan Period 


existing stations will reach the end of their : 
economic lives. Ontario Hydro will consider : 
these sites for redevelopment of future : 


generation options. 


. New Identified Sites 
For reasons discussed later in this chapter, 
this category includes all new sites where the 
approximate location has been identified to 


: the selected fossil or nuclear options. The | 
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North Channel area is the only one in this : 


category at this time. 


| New Unidentified Sites 
: This category includes all new sites where only : 
the general geographical area suitable for instal- 
All existing stations and their associated sites lation of one or more of the selected fossil : 
or nuclear options is defined. Geological balance 3 
between generation and load, and transmission | 
considerations, discussed in the next section, : 
restrict the location of these sites to the southwest 2 
: and northwest of Toronto. Because of cooling : 
water requirements, these sites are likely to 
use of skilled trades and operators already be situated on the north shore of Lake Erie, 
east shore of Lake Huron, or south shore of 
: of existing transmission land and other station 3 
' service facilities. To be suitable for CTUs these 


' sites must also be accessible to natural gas : 


Georgian Bay. 


Sites Are Illustrative 


Candidate sites are identified which meet the 
technical and economic criteria. Generally, : 
: the intent is not to propose actual, specific 
sites for generation options. It is only to illustrate : 
that itis technically and economically feasible 
to site the selected options within the province. : 

In developing the cost estimates for major 
: supply options, illustrative sites are used. 
Darlington B and North Channel are used : 
: for the nuclear options, while Wesleyville and : 
; North Channel are arranged for the fossil : 
In the 25-year planning horizon, some of the options. The use of two sites provides a range : 
of meaningful cost estimates for each option. 2 


Candidate Sites 


: Candidate sites are known sites that are being 
considered for future fossil and nuclear gen- 
erating facilities in the three candidate plans. 
Candidate sites are used in developing the 


major supply plans. 
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Candidate Sites for Nuclear Option 


The following sites can accommodate a : 


4x881 MW CANDU station: 


Darlington B (near Bowmanville) 

* one existing CANDU station on site 

* no additional site acquisition required 
* near load growth area 

* shortest lead time for a nuclear facility 


* could be incorporated on existing rights- 


of-way 


Wesleyville A & B (near Port Hope) 
* no existing station on site 


¢ some additional site acquisition may be : 


required 
* near load growth area 


¢ could be incorporated on existing rights- | 


of-way 


Bruce C (between Kincardine and Port Elgin) 
* two existing CANDU stations on site 

* no additional site acquisition required 
* reasonably close to major load centre 


¢ would require new transmission rights- : 


of-way 


* generation concentration would exceed the 
criterion of limited generation at one site, : 
can only be considered for use toward the : 


end of the 25-year planning period 


North Channel Area (between Bruce Mines and : 


Espanola) 


* not an existing Hydro site, but several potential : 
: Candidate Sites for CSC and 


sites in the area were investigated in 1978 


* physically can accommodate two stations, 
: but the requirement for geographical balance 
: between generation and load limits development : 


: to one station 
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Figure 14-22 Site Categories and Sites 


Site Category 
(1} Existing Stations/Sites — 
Avilable for Expansion 


(2) Existing Sites — 

Without Station 

(3) Existing Stations/Sites — 
Available for Redevelopment 


(4) New Identified Sites 
(5) New Unidentified Sites 


*CTU/NC - CTUs with no provisions for conversion 
cTu/CC — CTUs convertibie to combined cycles 
CTUAGCCE — CTUs convertible to combined cycles or IGCCs 


Sites 
Dalington B 
Lambton 
Bruce C 
Hearn 

Keith 
Nanticoke 
LennoxA 
Lennox B 
Wesleyville A 
Wesleyville B 
Hearn 

Keith 
Lambton 


Lakeview 


North Channel Area 


New Site1 
New Site 2 
New Site 3 


Conversion Process* 
CANDU 

CTU/NC 

CANDU 

CTU/NC 

CTU/NC 

CTU/NC 

CTU/NC 

CSC or IGCC 

CANDU or CSC or IGCC 
CANDU or CSC or IGCC 
CTU/CC 

CTU/IGCE 

CSC or IGCC 

CSC or IGCC 

CANDU or CSC or IGCC 
CANDU or CSC or IGCC 
CANDU or CSC or IGCC 
CANDU or CSC or IGCC 


* relatively long distance from major load centre ; 
* would require new transmission rights- 
of-way 
* longer lead time due to need for site acquisition : 
: and preparation 


IGCC Options 


The following sites can accommodate at least 
: ® reasonably close to major load centre 
: © could be incorporated on existing rights- ‘ 


one CSC or IGCC station: 


| Wesleyville A & B (near Port Hope) 
* no existing station on site 
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* some additional site acquisition may be | 
required 


: near load growth area 


* could be incorporated on existing rights- : 


: of-way 


: Lennox B (near Bath) 
¢ oil-fired Lennox A on same site 


* no additional site acquisition required 


: of-way 
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Figure 14-23 Major Transmission in Year 2000 


To Manitoba 


Mississagi 


Lambton 


: North Channel Area (between Bruce Mines and 
: Espanola) 


sites in the area were investigated in 1978 
: @ physically can accommodate two stations, 


: between generation and load limits it to one 


: ¢ would require new transmission rights- : 


: of-way 


To Porcupine 
and Pinard 


Hanmer 


Lennox B 
Lennox 


qWestewile Ox ¢ 


Hawthorne 
@ 


St Lawrence 


@ Existing sites 
B North Channel — New site 


@ = Existing/planned 500kV transmission 
station and existing generating station 


—— Existing/planned 500 kV routes 


‘O) Number of circuits on the route 


i © longer lead time due to need for site acquisition : 
and preparation 

* not an existing Hydro site, but several potential 

Retired Stations 

* The existing fossil generating station sites 
: but the requirement for geographical balance (Keith, Lakeview, and Lambton) could be used 
for new stations after the existing stations are 


* relatively long distance from major load centre 


decommissioned 
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Candidate Sites for CTU 


3 and CC Options 
Some sites such as Hearn and Keith cannot 
accommodate IGCC or larger stations. These 
: sites, however, are suitable for the addition 
of combustion turbine units which can be con- : 
: verted to combined cycle generation. In the 
; case of Keith, if the site is redeveloped, it 
could possibly accommodate a small IGCC 
station. To meet the upper load forecast, Hydro 
requires options with very short construction 


> 45 


> 2 


: 


95 


2 


35 


times (2 years). This, in turn, would suggest 
installing combustion turbine units on operating : 
station sites to shorten the in-service time. 
Existing operating stations - Lakeview, Lambton, 
Lennox A and Nanticoke - offer a short lead 
| ' New Sites 
: The requirement for sites is identified in Chapter : 


: time option for the following reasons: 

: * the required land is already available; 
* trained maintenance and operating staff 
are already on site; 
® incorporating transmission is already in 
place, being planned or requires only minor 
modifications; 

_ emaintenance shops, administrative buildings 
and other station service facilities are in place; : 
and 
* natural gas can be supplied through con- 
nections to existing pipelines in the vicinity 
of these stations and some space is available 
: for oil storage. 
: Hearn and Keith are currently mothballed 
and do not have trained maintenance and 
operating staff on site. In short lead-time sit- 
uations CTUs could be installed at these sites. 
' However, these two stations are better suited 
: for the longer lead time development of com- 
: bined cycle stations using current facilities 
or redevelopment of the sites. This better site 
utilization may be precluded by the installation 
 ofnon-convertible CTUs. The following existing 
fossil stations are potentially suitable for CTUs: 
* Hearn (Toronto) - CTU/CC (Phase 1) 
: © Keith (Windsor) - CTU/IGCC (Phase 1) 
: © Lambton (Sarnia) - CTUs 

* Nanticoke (Port Dover) - CTUs 


* Lennox (Bath) - CTUs 


' © Lakeview (Mississauga) - CTUs 
' As noted earlier, the lead times for these 
Figure 14~22 lists the 15 alternative sites, their 
site categories, and the conversion process 
: for which they are suitable. ; 


options and sites would be shorter than for 
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the larger nuclear, CSC and IGCC stations. 


: for flexibility to meet higher load growth or 3 


other supply contingencies. 


15. The number of sites required for base ; 
load stations varies from ] to 4 depending 2 
on the load growth and the candidate plan : 
selected. The majority of existing sites available : 
are east of Toronto — Lennox B, Wesleyville 3 
: A, Wesleyville B, and Darlington B. Existing : 


generation is already concentrated along Lake 


Ontario east of Toronto - Pickering A, Pickering : 


B, Darlington, Lennox and Saunders GS. 


To maintain a reasonable balance between 2 
generation and load, it is preferable to limit 
base load expansion east of Toronto to one : 
station at the beginning of the 25-year planning : 
period. It is preferable to limit the North — 
Channel development to one base load station 
because of load distribution and transmission 
: considerations. For these reasons, the preferred 
locations for base load stations would be south- 
west and northwest of Toronto. Considering 
the need for cooling water, the preferable 
locations for new sites are along the north 
shore of Lake Erie, the east shore of Lake 
Huron, and the south shore of Georgian Bay. 

Sites may be considered on Lake Superior 
3 but they are less attractive due to the small 
; proportion of system load in that area and 
: the long distance to the major load centres : 
: in southern Ontario. 


Site Categories and Associated Sites 
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Approvals 


These options and sites should be retained 


Approvals requested in this application (see 2 
Chapter 19) include the requirement and rationale 


_ for the stations and sites in the Hydraulic Plan, and 


the requirement and rationale for new fossil and : 
nuclear generation. Locations to be considered for : 
the various fossil and nuclear projects will include : 
at least those sites shown in Figure 14~22. : 
Approvals are also requested for the requirement : 
and rationale for radial transmission to incorporate 
new generation to the existing and planned bulk : 


transmission system. Subsequent project assess- 


ments will ensure that the approved facilities are = 


located and implemented in an environmentally 


acceptable manner, and with opportunities for 
community input. Project assessments will not 
duplicate or reconsider the planning issues 


determined by this application. 


: Siting Considerations for 
: Future Specific Projects 


In implementing its Proposed Major Supply 
: Plan, Ontario Hydro will give attention to com- 
munity and environmental factors in the process TRANSMISSION CONSIDERATIONS 
: of site selection. The siting process will reflect 
good corporate citizenship and partnership 
with communities. Hydro will work toward 
achieving a compatible fit between the proposed 
facilities and local community and environ- 
/ of generating stations has an impact on the : 


: mental circumstances. This will include: 


¢ Ensuring public health and safety and the 
considerations must be included in generation 
: siting. The purpose of this section is to discuss ; 
the most economical use of stations and to : 


: protection of environmental quality; 


: @ Providing opportunities for communities : 
: tovolunteer to be the site of a proposed facility; : 
: * basic purposes of the transmission component : 


: * Communicating to the public the full range of the Bulk Electricity System (BES); 


and 


' of issues associated with Hydro’s site activities | 
: and working with communities on matters that : 


: affect them. 


: Hydro facilities have social and environ- : 
mental impacts. Detailed studies will be required 
* transmission requirements to connect specific 
sites to the BES and the implications of gen- ; 
erating siting on the need for inter-area trans- 


: toassess fully the particular impacts associated 


: with potential sites. Hydro has policies and | 
: practices for working with communities to : 


: address potential impacts. These include: 


| © Eliminating or managing impacts through | 

Transmission Purposes 
The bulk electricity transmission system (BES) | 
is the integrated system of transmission lines 


agreements with local communities and through 


: other institutional arrangements with govern- : 


: ment agencies and ministries; 


¢ Enhancing or creating beneficial effects such : 
: aslocal employmentand infrastructure, where : 


possible; and 


¢ Consulting with local communities on matters 
which affect them in the site selection, con- 
struction, and operations phases of stations, 
using a variety of community liaison measures. : 
For example, liaison committees consisting 


: of community and Hydro representatives have 
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' been used to identify and address concerns : 
: and opportunities at existing stations. 


Previous sections identified selected supply 
options for consideration in developing plans 
and potential sites suitable for accommodating 
these options. It was recognized that the siting 


transmission system and therefore transmission : 


the following: 


* the integrated transmission system; 


¢ distinction between the radial transmission’ ; 
necessary to connect a new site into the BES 
: and inter-areat transmission necessary to main- 
: options under consideration. However, addi- : 


tain an integrated BES; and 


: mission. 


and stations by which electric power is delivered : 
from major generating stations to and between 
load centers, and is delivered to and from : 
| Transmission Classification 


interconnections with neighbouring utilities. 


The purpose of the bulk transmission 


system is: 


* to deliver power to meet forecast growth 
in customer demand, recognizing regional 
variations in rates of growth; 
: * to incorporate new sources of power gen- : 
eration or purchases to the integrated trans- 
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mission network to ensure economic and reliable : 
use of such generation or purchases; : 
' © to integrate the Hydro BES with neighbouring 
: utilities through interconnections with these 
utilities to permit economic and reliability 
improvements; and | 
* to permit optimum use of available generation ; 
and purchases in accordance with changing : 
customer demands and environmental : 


restrictions. 


Integrated Transmission System 


The primary reasons for developing an in- 
tegrated transmission system are to permit : 


maintain adequate reliability of supply to area : 
loads in the event of station and transmission 
component failures. 
' The major transmission facilities shown 
in Figure 14-23 provide a strong base system : 
for incorporating the demand and supply 2 


tional bulk transmission facilities will be required 
beyond 2000 to meet growth in customer : 
demand and to incorporate new supply options, 
: including the hydraulic program, major pur- : 
chases and new fossil and nuclear generating | 
stations. Both the nature and timing of these 
transmission facilities will be influenced by 
the timing, location, and conversion process, : 
oralternatively - generation type, of the next 


and subsequent generating stations. 


The transmission required to incorporate a 3 
new Ontario Hydro generating station will 2 
include radial transmission necessary to connect 
the site to the existing and planned BES. It : 
may also include inter-area transmission nec- 
essary to maintain an integrated BES. The 


20 


2 


35 


20 


: need for radial transmission is driven solely 
: by the choice of site and its proximity to a : 
: suitable existing or planned transmission station : 
in the integrated system. The need for inter- 
: area transmission can also be driven by the 
choice of site, but is also concerned with many 
other factors such as security and reliability 
of load supply, geographic mismatch of load : 
; and generation, and operational flexibility 
: and economics. As such, this transmission is 
: governed by area load growth and existing 
: capacity considerations in addition to the siting 
3 of new generation. 
To illustrate the differences between the 
two components of radial and inter-area trans- 
mission, examples of the facilities required 
to incorporate a generating station at an existing 
: site and ata new site are given below: ' (210 km) from Sault Ste. Marie to Sudbury 
: on existing right-of-way and two new 500 kV 
_ Lennox B (4 x 800 MW CSC) 3 
: * The required radial transmission would consist 
- of new500 kV lines (less than 1 km) on existing 
right-of-way to connect the new generating 
: station into the local existing and planned 
: 500 kV lines. 7 
: ¢ In addition to the existing and planned : 
: 500 kV transmission from the Kingston area 
: (Lennox) to Bowmanville (Darlington), a third 
| double-circuit 500 kV line (46 km) would be : 
required between Bowmanville Switching Station 3 will be assessed as part of the project specific : 
and Cherrywood Transformer Station (Toronto) 
: on an existing right-of-way. This new trans- 
mission would be needed to accommodate 
the increased power flows from this new station : 
35 and the existng stations east of Toronto. This 
: new transmission is classified as inter-area 
transmission. 
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North Channel Area 
(4x881MW CANDU) 


of-way and two 500 kV single circuit lines | 
(225 km) from the new site to the existing : 
Hanmer Transformer Station at Sudbury on : 


a new right-of-way. 


¢ To accommodate the increased power flows 
on the existing bulk transmission system due ; 
to the newstation and the Manitoba Purchase, | 
new hydraulic developments and the purchase 
| with FGD and SCR 


of non-utility generation in northern Ontario, 


: would require new inter-area transmission. This : 


would require a new 500 kV single circuit line 


: single circuit line (400 km) from Sudbury to 


Toronto on a new right-of-way. 
It should be emphasized that the above 
examples are for illustrative purposes only. 


: Approvals 
| The transmission approvals requested in this | 
application (Chapter 19) are for the require- 3 
7 options are suitable for other applications. : 


ment and rationale for radial transmission. 


Specific routes for this radial transmission : 


: environmental assessment for each generation : 


development. 


Where required, approvals for inter-area : 


transmission will be sought in separate parallel 


processes, Although other factors must also : 
be considered, timing of the inter-area trans- 
2 mission is influenced by the location of the 
generating stations. Therefore, approvals must 
be obtained to permit required new 
inter-area transmission to be in service prior 
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' to connecting the new generating station 
"to the BES. 
¢ The radial transmission required is two : 
500 kV single circuit lines (50 km) from the | 
new site to the existing Mississagi Transformer 
Station (near Sault Ste. Marie) on anewright- 


HIGHLIGHTS 


From among the fourteen purchase, fossil, : 
and nuclear options, seven major supply options 
are selected to be carried forward to plan : 


: development. These seven optionsare classified 


by the system application for which they are 
most suited. For base load applications, four 
options are selected: ; 
¢ Option 1 - 4x800 MW US coal-fueled CSC | 


* Option 9 - 4x660 MW unphased IGCC | 


' with SCR 


¢ Option 1] - 4x881 MW CANDU 
* Option 13 - 1000 MW Manitoba purchase : 
For intermediate load applications, two | 


: options are selected: 

_ © Option 6 - 2x660 MW CC with SCR 
| © Option 8 - 4x660 MW phased IGCC 
' For peaking load applications, one option is | 
: selected: | 


* Option 5 - 2x150 MW gas-fueled CTU 
In addition to the above, some of the : 


Options 1 and 11 are also suitable for high : 
intermediate load applications. The first phase 
of Options 6 and 8 are also suitable for peaking | 


: load applications. 


Based on known sites,and the existing and | 


: proposed bulk transmission system, itis tech- : 


nically and economically feasible to site and : 
incorporate the selected fossil and nuclear 
options. Due to the limited number of suitable 
identified sites, studies are being undertaken 
to identify sufficient new sites to provide 2 
flexibility in siting the options in the : 


- Candidate Plans. = 
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Chapter 11 Chapter 12 Chapter 13 Chapter 14 Chapter 15 Chapter 16 Chapter 17 Chapter 18 
Requirement for The Hydraulic Requirement for Major Supply Major Supply Avoided Cost Demand/Supply Action Plans 
New Supply Plan Major Supply Options Plans Determination Plans 


15 Major SupPPLy PLANS 


The purpose of this chapter is to explain how options are 
formulated into plans, and to provide 
the rationale for alternative plans, and the selection of the 


Proposed Major Supply Plan. 


20 


| The pestectaiieats y the seven options bce : FORMULATION PROCESS 
: for incorporation into plans are summarized : 
in Figure 15-1. This chapter describes the 
various elements in the development of major : 
supply plans in the following sections: 
: * Planning criteria 

¢ Formulation process 

: ¢ Formulation considerations 

2 * Cases formulated 

* Description of major supply cases 

: ¢ Capacity and energy contribution 

: ° Illustrative siting 

: ¢ Illustrative transmission 

* Comparison of the cases 

* Selection of candidate major supply plans : 
: * Selection of the proposed major supply 
; plan : 


| PLANNING CRITERIA 


: are identified in the Demand/Supply Planning 7 
: Strategy. Discussion of the application of these : 
criteria is the subject of this chapter. Information 
on the criteria is provided in the Demand/ « 
Supply Planning Strategy Report. 


Major supply plans are formulated to put in ; 
place options to satisfy the requirements 3 
: for peak power and energy established in | 
: Chapter 13. The criteria and the considerations 
set out below were used to incorporate the 
: major supply options into Cases! to meet this : 
objective. | 
3 Figure 15-2 illustrates the Case and plan : 
formulation process. Dozens of Cases were 
developed for analysis. Some were dropped 
: because they produced poor results or did 
: not meet primary criteria. Remaining Cases 3 
were evaluated and revised to produce the : 


Cases presented in this chapter. 


Computer models were used to simulate 
each Case, showing how new major supply 
options would work with the existing system 
and the Demand Management, Non-Utility 
Generation and Hydraulic Plans identified 
Criteria for design and evaluation of plans 7 in previous chapters. These simulations were 
then analyzed and further Cases were developed 
to illustrate alternatives or to pursue improve- : 
ments. This process was repeated until Cases 
were identified which provided good illustrations 
: of alternative approaches. : 
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Figure 15-1 


Generation 


Type 
Fossil 


Nuclear 
Purchase 


Major Supply Options 


Option 
Number 
1 


5 
6 
8 


11 
13 


Conversion 
Process 

CSC 

CTU 

cc 

phased IGCC 


unphased IGCC 
CANDU 
Hydraulic 
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Primary Environmental 
Energy Control 

US coal FGD & SCR 

gas/oil _ 

gas/oil SCR 

gas/oil/ - 

US coal 

US coal SCR 

uranium contained by design 
water = 


@ OSPS Evaluation Criteria 


- Primary Criteria 


The primary criteria (which must be met} for eval- 


- uating and developing recommended plans are: 


* customer satisfaction 


: * reliability standards 


: * safety requirements and standards 


: (worker and public) 


* environmental requirements and standards 


° low cost of electricity service 


: social acceptance 


: © technical soundness 


«flexibility 
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System 
Application 

Inter- 
Configuration Peak mediate Base 
4x 800 MW = sf 7 
2x 150 MW r <= = 
2 x 660 MW ag - = 
4x 660 MW is > = 
4x 660 MW = = ch 
4x 881 MW = - ’ 
1000 MW - - : 


Secondary Criteria 


Secondary criteria, which are considered and may | 


influence the recommended plans, include: 
* resource preferences 

¢ diversity 

* resource smoothing 

¢ environmental characteristics 

(in addition to requirements and standards) 

* public safety characteristics 

(in addition to requirements and standards) 

* economic impact 

¢ other social considerations 


Secondary criteria, which do involve considerable 
judgement, have had a significant effect in the | 


evaluation of plans and options. 


a) 


2 : 


25: 


30: 
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Figure 15-2 Case and Plan Formulation Process 


Test Against Criteria 


Re-evaluate and Refine 


A 


Select Five Cases 
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: FORMULATION CONSIDERATIONS 


In addition to the criteria, the following 
were also important considerations in 
: formulating Cases: 
: * customer use patterns 
* bandwidth forecast 
* integration with existing system and other : 
plans 
: * reserve margins 

: * option lead times 

¢ oil and gas uncertainty 

* acid gas regulations 

* radioactivity 

* greenhouse gas emissions 

* capacity diversity and energy diversity 
* siting 

* transmission 


Following are descriptions of these 


: considerations. 


: Customer Use Patterns 
: To meet customer patterns of electricity use, 
peak, intermediate and base load generation 
are required. Hydro strives to achieve an appro- : 
priate mix of generation. Some supply options 
can serve one of these applications economically, 
but may be expensive if used for others. 


An appropriate mix is achieved when each 


: type of generation operates at its most economic : 
capacity factor, Figure 15~3 shows, for exam- 
ple, that the CANDU offers lowest cost at 
50% - 80% capacity factor, CSC coal option 
| is lowest at 25% - 50% capacity factor, and | 
: the CTU gas option is lowest at capacity factors : 
: of 25% and less. : 


Capacity factors of existing units are 


: influenced by the type of generation added. 
For example, a new base load unit could meet : 
the load forecast and some of the load handled 
by existing units that are more expensive to 


omecreeegeaccer 
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; Operate, Asa remult, the more expensive units ; Figure 15-3 Levelized Unit Energy Cost of Major Supply Options 


: would be operated at a lower capacity factor. : (In-service Date 2002) 
: Alternatively, ifa peaking unitis added, existing : 


peaking and intermediate units might be : CTU Gas 
: required to work harder to meet the load. : CSC Coal 
: The quantity of new generation that must : with SCR 
3 be added in any year to meet the supply need, grit 

: including a reserve margin, is given in : 2 

| Chapter 13. = 

: Bandwidth Forecast “ 


| Bach Case was tested against the bandwidth | 
forecast, consisting of five electricity demand 
paths (Figure 15-4). One path assumes demand 
follows the median load forecast; one assumes 
‘demand follows the upper load forecast; and 
one assumes a lower load forecast. A fourth : 
path assumes that demand starts out on the 


Average Capacity Factor (%) 


:- median forecast, but in 1995 branches toward 
the upper. A fifth path does the same, but 
: branches toward the lower load path. 
These five pathé test the ability of each : Figure 15-4 Load Forecast Paths Used to Formulate Cases 
: Case to accommodate changes in forecast elec- : 
; tricity demand. If load rises more quickly than 
: the median, then additional generation is added, 
if possible. Ifload grows slower than the median, 


Upper 
Branch Upper 


new generation is deferred or existing : Median 


| generation is mothballed. Branch Lower 


Cases were rejected which were designed : . 
; ower 


: primarily to meet the upper forecast. Such : 
: Cases would have enough generation to meet 
all criteria as economically as possible under 
the upper load forecast, but would be overbuilt 
and have excessive costs under median or lower 
load forecast. 


Electricity Load 


Cases designed primarily to meet the : 


: median load forecast were rejected, because 
they would notincludethe eatly preparatory | 
work that provides the flexibility to meet the : 
upper forecast. : 
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Figure 15-5 Major Supply Capacity Requirements 


By System Application (GW) 


System Total 
Application Capacity 
Required 
2005 2014 
| Base 18.0 21.3 
| Intermediate 4.5 4.2 
Peaking 5.8 v2 
Totals 28.3 32.7 


Cases designed primarily to meet the lower 


: load forecast were rejected because, under 
the median or upper load forecast, these Cases 
would have poor reliability, high cost and would 
not meet environmental requirements. ; of providing electricity and the costs to the 
Attention focused on those Cases which 
kept costs low over the full load forecast band- 
with, while providing good flexibility and 
- environmental performance. _ Option Lead Times : 
Figure 15-6 shows lead times required to put 
Integration with Existing System : : 
- and Other Plans 

Existing fossil-fueled stations, equipped with 
some emission controls, are now used to meet 
both peak and intermediate requirements. : 
With the addition of major new supply, the 
existing fossil stations will be best suited to 3 
the intermediate role. Figure 15-5 shows there 
: is adequate existing fossil generation to meet 
: intermediate requirements under the median 


Median Load Forecast 


Existing New 
Capacity Still Capacity 
In-service Required 
2005 2014 2005 2014 
14.1 12.0 3.9 9.3 
8.7 3.3 4.2 0.9 
2.5 2.4 3.3 4.8 
25.3 WJ 3.0 15.0 


: Reserve Margins 


of about 24% of firm load. This reserve margin 


gives customers the least cost when the cost : 


customer of electricity interruptions are taken : 
: of sulphur dioxide and nitrogen oxides must ‘ 
: be less than 215 Gg each year. : 


into account. 


: new generation in place. Eight to fourteen 
years are required to install new nuclear and 
CSG coal base load options. As a result, it is 
difficult to respond to higher demand in the 
next few years with these options. Quicker : 
response is possible with CTUs as the first | 
phase of an IGCC, but even this option requires 3 
lead times of five to nine years. For flexibility : 
to respond to higher demands in the early 
and mid-1990s CTUs, on existing sites are pre- : 
- load forecast to 2005. Insufficient intermediate 
capacity starts in 2013. 


ferred. They can be added in two to five years. 
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Oil and Gas Uncertainty 
The price and availability of natural gas and 
| oil is subject to greater uncertainty than either 
coal or uranium. At present, gas and oil are 
: competitive fuels for peaking (CTU) and low 
: intermediate applications (CC - Combined 
Cycle). As a hedge against the uncertainties i 
: surrounding oil and gas, CT Us are introduced 
on sites permitting conversion of the CTU 
into higher efficiency combined cycle units 
and coal gasification units. These steps would 
2 be taken if either intermediate or base load 
: generation is required, or if the price of gas 
and oil becomes uncompetitive. All CTUs would 
have the ability to use oil in winter peak periods, 
when gas might not be available. 3 


- Acid Gas Regulations 
: All Cases aim to have reliability reserve margins : 


Cases are designed to meet system-wide acid 


: gas emission environmental requirements. | 


Starting in 1994, total system emissions of | 
sulphur dioxide must be less than 175 Gg each | 
year, and the sum of total system emissions ; ~ 


For existing stations, the reduced sulphur | 
dioxide limits will be met by additional envi- : 


: ronmental control facilities and by burning | 


low-sulphur fuels. New CSC coal stations will 
be equipped with high efficiency scrubbers 
to achieve an SQ, emission rate of about 
2 g/kWh. : 

All Cases feature NO, controls appropriate 
to generation types and applications. For base 
load operation, new options must achieve a 
nitrogen oxide emission rate of 0.25 g/kWh. 


: To meet this target, conventional steam cycle : 
: coal options will require selective catalytic : 
: reduction, 


Figure 15-6 
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Option Lead Times 


Option Conversion Primary 
No. Process Energy Phase 
1 CSC USCoal Unphased 
5 CTU/NC Gas/Oil Unphased 
6 cc Gas/Oil Unphased 
7 CTU/CC Gas/Dil First 
8 CTU/IGCC Gas/Oil First 
] IGCC Coal Unphased 
11 CANDU Uranium Unphased 
13 Utility Manitoba Unphased 
Purchase Hydro 
Siting Size 


Lead Time - Years To 
First Unit In-Service 


Site Definition? Acquisition 


Size Phase Phase , Total 
Major 3-6 5-8 8-14 
Minor 1-3 1-2 2-5 

Medium 3-6 3-5 6-10 
Medium 3-6 2-3 5-9 
Major 3-6 2-3 5-9 
Major 3-6 3-5 6-10 
Major 3-6 5-8 8-14 
~ - - 9-12 


— Minor — site large enough for CTUs only 


— Medium - site large enough for CCs only 
— Major — site large enough for CSC, IGCC, or CANDU 


Siting Preferences —CTU/Gs 


— existing site, operating station, minor size site 


— effective land use, trained staff on-site 


- short lead time to meet upper growth 


CTU/NC 

CTU/CC — existing site, medium size site 
— effective land use 
— medium lead time 

CTU/IGCC — major site 


~ any site including decommissioned site 


For stations with an expected capacity factor : 
: of less than 20%, the permissible emission : 


| rate is 1 g/kWh. 


- Radioactivity 


 ACANDU generating station is essentially a : 
contained design in which the reactor systems : 
are closed circuits within a containment build- 
ing. Under normal operating conditions there 


: are virtually no radionuclide emissions. 


to minimize radioactivity releases to the envi- : 
: ronment by providing stringent design and : 
control systems that respond to the Atomic 
: Energy Control Board licensing requirements. 
Typically, radionuclide emissions are less than 
: stations. Electricité de France relies more than 


1% of AECB prescribed limits. 


Long-term management of high level : 
radioactive waste (i.e. used nuclear fuel ) is : 
: because of its low cost. The capacity diversity : 
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currently the focus of a conceptual assessment 
being carried out by Atomic Energy of Canada : 
Ltd. (AECL). The concept of deep underground 
disposal will be reviewed by a Federal : 
Environmental Assessment Review Panel starting 
in 1991. Once the disposal concept is approved, : 
: site selection for a central repository can start. 
In the meantime, used fuel wastes can be : 
adequately managed on-site at existing 
generating stations. : 
: Low and intermediate level radioactive wastes : 
: are managed centrally (using incineration and : 
a variety of storage methods) at the Bruce : 
: Nuclear Power Development (BNPD) waste : 
management site on Lake Huron. : 
| Asthere are ongoing public concerns with : 
public safety and radioactive waste disposal, : 
Cases were developed with few or no new : 
nuclear stations. : 


Greenhouse Gas Emissions 
: There are emerging concerns about the emission : 
: of greenhouse gases, particularly CO,. Carbon : 
: dioxide is the principal gas produced by fossil : 
: combustion in producing electricity. There : 
: are no regulations governing these emissions, : 
: but an illustrative target cutting CO, by 20% 
: of 1988 levels by 2005 has been put forward : 
by federal and provincial ministers. Cases to ! 
illustrate possible CO, emission reductions 3 
: were developed with minimum new fossil gen- : 
A CANDU generating station is designed : 


eration and low use of existing fossil units. 


Capacity Diversity and Energy Diversity 


: The generation mix of utilities varies widely. ; 
Some utilities have 100% reliance on hydraulic : 
stations, others a 100% reliance on fossil-fueled 


70% on nuclear stations. High dependence : 
on one generation type is usually pursued : 


35 


40 


w : 


2: 


30: 
of Ontario Hydro’s system is greater than that : erationin the 1970s, However, future regulations : and lead times. To develop meaningful plans 
of most utilities in North America. may require a reconsideration of this criterion. and identify the costs associated with those 
: During the 1970s, Ontario Hydro adopted Diversity in the primary energy sources plans it is necessary to make assumptions as | 
a criterion limiting the nuclear option to two- used for electricity generation (coal, uranium, : to where the proposed major new generation 
35 thirds of additional capacity. This criterion gas, oil, water) is desirable because it makes : might be located. Representative locations | 
- offers a balance between low cost and low the system less vulnerable to factors such as : were chosen for each major new facility from 


: acid gas emissions on one hand, andtoo much : droughts, strikes and regulatory restraints. . a number of potential sites. This selection : 
: was based on considerations such as cost, lead : 


dependence on the nuclear option and its : 
: associated radiation concerns on the other : Siting : times, social and environmental acceptability, : 
: hand. Greenhouse gases were not a consid- : The sequence in which sites are developed ; technical flexibility, proximity to load centres, | 
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Figure 15-7 Major Supply Plan Features 


_ Lower Higher 
radioactivity radioactivity =| 
_ concern concern 


“Higher Lower 
greenhouse ' greenhouse 
concern concern» 


Maximum 
economic 
utility purchase =| 


Maximum Maximum 
economic economic 
utility purchase _ utility purchase 


Base load: 
nuclear 


Base load: 
nuclear 


Base load: 
fossil 


Intermediate load: 


Intermediate Intermediate | 
load: load: existing fossil = | 
existing fossil newnuclear 


Peak load: 
fossil 


Peak load: 
fossil 


Peak load: 
fossil 


: influences costs, transmission requirements : 
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: constructability and the extent of new trans- : 


: mission to incorporate a proposed facility. 


: Transmission 


: The costs of representative transmission : 
: necessary to incorporate the proposed new ; 
generation into the Bulk Electricity System : 
were also determined. These representative : 
: transmission plans were developed consistent : 
with Ontario Hydro’s planning criteria for : 


: the Bulk Electricity System. 


2 CASES FORMULATED 


: Five Cases were formulated. They are 3 


_ summarized in Figure 15-7. 


7 Manitoba Purchases 
: Common to all Cases 


: could be renegotiated. 


: Case 15 


: This Case is designed to achieve both low air | 
‘ emissions and low cost. A mix of base load : 


: nuclear and peaking fossil options is used to 


low cost, flexibility, and capacity diversity. 


: tions retrofitted, as required, with emission : 


: controls. 
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Figure 75-8 


Major Supply Additions by 2014 


Case 15 


Lower 
Major Supply Option Forecast 
Utility Purchase 1.0 
CANDU 5.3 
CTU/NC 0 
CTU/CC 1.0 
CTU/IGCC 2.3 
Total 9.6 

Case 26 


: perceptions and concern about public safety : 
3 and radioactive waste. Therefore, this Case : 
: All Cases feature the purchase of electricity : 
from Manitoba. The present purchase ar- : 
: rangements start in 1998 at 200 MW, grow : 
- to 1000 MW by 2002, continue at that level | 
- until 2018, and will conclude in 2022. Depend- 
ing on circumstances at the time, the contract : 
Case 23 


: This Case is designed to minimize greenhouse : 


features no new nuclear generation. CSC coal- : 


fueled generation meets base load requirements 
and gas-fueled CTUs meet peaking needs. 
Existing fossil generation meets intermediate 
requirements, 


gas emissions. Nuclear stations meet the base : 
load and some of the intermediate load require- : 
ments. Existing fossil generation handles the : 
3 balance of intermediate needs and peaking : 
: achieve low acid gas and greenhouse emissions, : 
is added. 
Intermediate load is met by existing fossil sta- 


needs. A minimum of new peaking fossil 


Case 24 


: This Case is designed to be between Case 26 
: and Case 15. It illustrates the impact of using 
a CSC coal station for the second major addition 
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Capacity (GW) 
Median Upper 
Forecast Forecast 
1.0 1.0 
8.8 12.3 
0 17 
1.0 2.0 
4.4 2.7 
15.2 1 


: of base load plant. CANDU provides the other 7 
: This Case is designed to respond to public : 


base load requirements. 


Case 22 


: This case is designed to be between Case 15 : 
: and Case 23. It illustrates the impact of using, : 
: relative to Case 15, more nuclear generation : 
- and less fossil generation. : 


| DESCRIPTION OF MAJOR SUPPLY CASES 


Case 15 


In this Case, about two-thirds of the new capacity 
under each load forecast condition consists 
of purchases and base load nuclear generation, : 
"the remaining one-third is peaking fossil 
generation. Figure 15-8 summarizes the capacity 
3 additions. : 
_ Figure 15-9 illustrates the approximate 
timing of the major supply additions under 


the three load forecast paths. 


: 30 


35 


6: 


3 


Figure 15-9 New Major Supply Case 15 


Under the median load forecast, base load 


E requirement is supplied by nuclear generation 
with in-service dates set by cost and environ- : 
mental considerations. The intermediate 
requirement is met by existing fossil stations, 
retrofitted as necessary to meet environmental 
requirements. The remaining peaking require- 
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2000 
January of Year 


six CTU/CCs at one station and 26 CTU/IGCCs 
: at three stations. 


Under the upper forecast, options are 


: advanced in the early years to the extent per- 
: mitted by lead times. In later years, in-service 


used to reduce capacity shortfalls in the mid 
: 1990s. These are followed by CTU/IGCCs on 
new sites starting in the late 1990s. More base 
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Options 


Manitoba Purchase 
Nuclear 
ae Fossil 


Forecast 
Upper 

Median 

| Lower 

l<— CANDU C9-10 

j4— CTU/IGCC C Ce 25-26 


j4— CTU/IGCC B Ce 13-14 
{<— CTU/IGCC A Ce 7-12 


2010 


: an appropriate mix of generation. In total, : 
- by 2014, this Case requires 14 CANDU units ; 
at four stations, ten CTU/NCs at three stations, 
12 CTU/CCs at two stations, and 16 CTU/IGCCs : 
. at two stations. 
dates are set by cost and environmental con- 
siderations. CTU/NCs at existing stations are 
mentis met with gas-fueled CTUs, convertible 
to CCs or IGCCs. In total, by 2014, this Case 
requires ten CANDU units at three stations, 


Under the lower forecast, the requirements : 
are met with fewer and later nuclear units : 
and CTUs, whose in-service dates are set by | 


: cost and environmental considerations. The 
: exception to delayed in-service dates is the 
- load nuclear is added in later years to restore 


Figure 75-10 Major Supply Additions By 2014 - Case 15 


Lower Forecast 

Option Station Units 
Manitoba Purchase 
CTU/CC A 16 


CTU/IGCC A 1-12 
CANDU A 1-4 
CTU/IGCC B 13-14 
CANDU B 5-6 

Total (GW) 


Median Forecast 
Option Station Units 
Manitoba Purchase 
CTU/CC A 1-6 
CTU/IGCC A 
CANDU A 1-4 
CTU/IGCC B 13-24 
CANDU B 5-8 
CTU/IGCC C 25-26 
CANDU C 9-10 
Total (GW) 
Upper Forecast 
Option Station Units 
Manitoba Purchase 


CTU/NC A 1-4 
CTU/NC B 5-8 
CTU/IGCC A 1-12 
CTU/NC C 9-10 
cTu/CC A 1-6 
CANDU A 1-4 
cTuU/CC B 7-12 
CANDU B 5-8 
CANDU C 9-12 
CTU/IGCC B 13-16 
CANDU D 13-14 

Total (GW) 


Capacity (GW) 
1.000 
1.008 
2.016 
3.524 
0.336 
1.762 
3.646 


Capacity (GW) 
1.000 
1.008 
2.016 
3.524 
2.016 
3.524 
0.336 
1.762 

15.186 


Capacity (GW) 
1.000 
0.672 
0.672 
2.016 
0.336 
1.008 
3.524 
1.008 
3.524 
3.524 
0.672 
1.762 

19.718 
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Capacity Added By Year End (MW) 
1993 1994 1995 1996 


Capacity Added By Year End (MW) 
1993 1994 1995 1996 


Capacity Added By Year End (MW) 
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Case 15 (continued) 


Capacity Added By Year End (MW) 
2005 2006 2007 2008 2009 
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881 
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2013 
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2013 
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: Manitoba Purchase, for which contract com- | 
3 mitments have been made. This Case requires | 
by 2014 six CANDU units at two stations, six - 
CTU/CCsat one station, and 14CTU/IGCCs © 


: at two stations. 


Figure 15-10 provides the in-service date | 


of each unit. 


: Case 26 


: In this Case, about half of the new base load : 
: capacity under each load forecast condition | 
consists of purchases and CSC coal. Peaking | 
: requirements are met by CTU/Gs. The pro- : 
portion of peaking generation is larger than : 


in Case 15, because the CSC coal station is 


: smaller than a nuclear station and more CTUs - 


: are installed to compensate. Figure 15-11 
: summarizes capacity additions by 2014. 


: An alternative to Case 26 was developed : 
using IGCC stations rather than CSC coal stations 
: as base load fossil generation. The results of | 
the two cases are similar, except for solid waste : 
: and technical soundness. IGCC features lower | 
: solid waste. CSC is more technically proven i 


: for early commercial application. 
: The approximate timing of capacity addi- 


: tions over the planning period is shown in - 


| Figure 15-12. 


Under the median forecast, base load : 


: requirement is met with CSC coal generation. 


. The intermediate requirement is met by existing 


: fossil stations retrofitted with controls to meet 


environmental requirements. The remaining - 
peaking requirementis met with gas-fired CTUs - 
convertible to CCs or IGCCs. This Case requires | 
by 2014 ten CSC Coal units at three stations, | 
six CTU/CCs at one station, and 34 CTU/IGCCs 2 


: at three stations. 


Under the upper forecast, options are © 


: advanced in the early years, to the extent per- 
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Figure 15-11 Major Supply Additions by 2014 


Case 26 


Lower 
Major Supply Option Forecast 
Utility Purchase 1.0 
CSC - Coal 4.5 
CTU/NC 0 
CTU/CC 1.0 
CTU/IGCC 3.0 
Total 9.5 


Major Supply Terminology 


CTUs are used to meet peaking requirements. To 
protect against the possibility of higher than fore- 
cast fuel prices or higher CTU capacity factors, 
provision is made to develop some of these CTUs, 


: in phases, into combined cycle (CC) or integrated 


gasification combined cycle (IGCC) units. These 


- provisions make it necessary to make the following 


distinctions: 

CTU/G a general term covering all CTUs; 

CTU/NC = describes those CTUs with no 
provision for conversion; 

CTU/CC describes those CTUs convertible 
to CCs; 

CTU/IGCC describes those CTUs convertible to 


CC and IGCC units. 
Each Case requires differing numbers of gen- 


: @rating units and stations. Itis necessary at times 
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Capacity (GW) 
Median Upper 
Forecast Forecast 
1.0 1.0 
7.4 10.4 
0 1.4 
1.0 2.0 
5.7 5.0 
15.1 19.8 


to describe the number of stations required and 
the number, timing and capacity of the generating | 


units at any station. 
This will be done as follows: 


¢ Letters indicate the order in which stations of a 
particular option are employed, i.e., CANDU Ais © 


the first station, CANDU B is the second station. 


* The units in stations of a particular option are 
numbered consecutively, i.e, CANDU A 1-4, : 


CANDU B 5-8, CANDU C 9-10. 


¢ For fossil options, the symbol Ce is introduced 
before the unit numbers. Ce means Capacity 
Equivalent, i.e., CTU/NC A Ce 1-4 is the first - 
CTU/NC station, with fouri50 MW units, or - 
different size units equivalent to 600 MW capacity. 


: 20 


35 


35: 


Figure 15-12 New Major Supply Case 26 
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2000 2005 
January of Year 


: mitted by lead times, and in later years they : 
' are advanced to reduce cost. CTUs at new | 
stations are advanced more than CSC Coal 
units because of their shorter lead times. The 
remaining requirement is met with very short 
lead time CTU/NCs on existing stations. This 
Case requires, by 2014, 14 CSC coal units at 
four stations, eight CTU/NCs at two stations, : 
_ 12CTU/CCsat two stations, and 30 CTU/IGCCs | 
at three stations. 
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Options 

(8) “Manitoba Purchase 
| Nuclear 

© Fossil 

Forecast 


Upper 


Median 


cst D — 
Ce 13-14 


= CTU/IGCC 8 Ce 13-18 
= CTU/IGCC A Ce 7-12 


2010 2014 


Under the lower forecast, requirements | 
are met with fewer and later CSC coal units : 


and CTUs. The Manitoba Purchase is not : 
delayed, because contract commitments have 
- been made. This Case requires by 2014 i 
' six CSC Coal units at two stations, six CTU/CCs 


at one station, and 18 CTU/IGCCs at two 
stations. 
Figure 15-13 provides the in-service date | 


of each unit. 


Lower Forecast 
Option Station Units 
Manitoba Purchase 
CTU/CC A 1-6 
CTU/IGCC A 
CSCCoal A 1-4 
CsC Coal B 5-6 
CTU/IGCC B 13-18 
Total (GW) 
Median Forecast 
Option Station Units 
Manitoba Purchase 
CTU/CC A 1-6 


CTU/IGCC A 1-12 
CSCCoai A 1-4 
CTU/IGCC B 13-24 
CSCCoal B 5-8 
CTU/IGCC C 25-34 
CSC Coal C 9-10 
Total (GW) 
Upper Forecast 
Option Station Units 


Manitoba Purchase 
CTU/NC A 1-4 


CSC Coal 
CSC Coal 


9-12 
13-14 
Total (GW) 


CTU/NC B 5-8 
CTU/IGCC A 1-12 
CTU/IGCC B 13-18 
CTU/CC A 1-6 
CSCCoal A 1-4 
CTU/CC B 5-12 
CTusiGcc C 19-30 
CSCCoal B 5-8 

C 

D 


Capacity (GW) 
1.000 
1.008 
2.016 
2.964 
1.482 
1.008 
9.478 


Capacity (GW) 
1.000 
1.008 
2.016 
2.964 
2.016 
2.964 
1.680 
1.482 

15.130 


Capacity (GW) 
1.000 
0.672 
0.672 
2.016 
1.008 
1.008 
2.964 
1.008 
2.016 
2.964 
2.964 
1.482 

19.774 


Figure (5-13 Major Supply Additions By 2014 - Case 26 
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Capacity Added By Year End (MW) 
2007 2008 2009 2010 2011 
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7 Case 23 


In this Case, more than 85% of new capacity 
under each load forecast condition consists 
: of purchases and base load nuclear generation. : 
The remaining is peaking fossil generation. 
; Existing fossil stations are given a peaking 
role. Some fossil peaking generation is added, 
mostly under the upper load forecast. 
Figure 15-14 summarizes capacity additions 


by 2014. 


The approximate timing of capacity addi- : 
: tions over the planning period is shown in | 


' Figure 15-15. 


: Under the median load forecast nuclear : 
generation eliminates the need for new peaking ! 
fossil and minimizes the use of existing fossil 
generation. In-service dates of nuclear units : 
_ are scheduled to meet all requirements for — 
new capacity, both base load requirements 
and some intermediate requirements. Existing | 
: fossil moves toward the peaking role and no : 
new peaking generation is required. In total, : 
by 2014, 16 CANDU units at four stations are 


: required, 


: Under the upper load forecast, CTUs are | 
added in the early years both at existing stations 
: and atanewstation. Additional nuclear units | 
_ are added in later years. This Case requires, 
- by 2014, 18 CANDU units at five stations, eight _ 
CTU/NCsat two stations, and eight CTU/IGCCs : 


: at one station. 


| Under the lower load forecast, fewer nuclear 
: unitsare required. This Case requires, by 2014, - 
: ten CANDU units at three stations, and two | 


CTU/IGCCs at one station. 


Figure 15-16 provides the in-service date : 


: of each unit. 
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Figure 15-14 Major Supply Additions by 2014 


Case 23 


Lower 
Major Supply Option Forecast 
Utility Purchase 1.0 
CANDU 8.8 
CTU/NC 0 
CTU/CC 0 
CTU/IGCC 0.3 
Total 10.1 
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Capacity (GW) 
Median 
Forecast 
1.0 
14.1 


15.1 


Upper 
Forecast 
1.0 
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Figure 15-15 New Major Supply Case 23 
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Figura 15-18 Major Stipply Additions By 2014 — Case 23 


Lower Forecast 
Option Station Units 
Manitoba Purchase 
CANDU A 1-4 
CANDU B 5-8 
CANDU C 9-10 
CTU/IGCC A 1-2 
Total (GW) 
Median Forecast 
Option Station Units 
Manitoba Purchase 
CANDU A 1-4 


CANDU B 5-8 
CANDU C 9-12 
CANDU D 13-16 

Total (GW) 
Upper Forecast 


Option Station Units 
Manitoba Purchase 
CTU/NC A 1-4 
CTU/NC B 5-8 
CTU/IGCC A 1-8 
CANDU A 1-4 
CANDU B 5-8 
CANDU C 9-12 
CANDU D 13-16 
CANDU E 17-18 
Total (GW) 


Capacity (GW) 


1.000 
3.524 
3.524 
1.762 
0.336 
10.146 


Capacity (GW) 
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3.524 
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Case 24 
This Case is between Case 15 and Case 26. 
All peaking, all intermediate and part of the 
base load requirements are met by fossil 
generation. | 
Under the median load forecast, base load 
requirements are met, in turn, by CANDU A, 
: CSC A,and CANDUB. Existing and new fossil | 


: generation meet intermediate and peak | 


requirements. This Case requires, by 2014, : 
four CSC coal units at one station, six CANDU : 
units at two stations, six CTU/CCs at one station, 
_ and 30 CTU/IGCCsat three stations by 2014. : 
: Under the upper load forecast, the base 
load requirements are met, in turn, by 
' CANDU A, CSC A, CANDU B, and two units | 
in CANDU C. Peaking requirements, by 
| 2014, are met by eight CTU/NCs at two sta- 
tions, ten CTU/CCs at two stations, and 
24 CTU/IGCGs at three stations. 
Under the lower load forecast, base load 
requirements are met by CANDU A followed 
by two units in CSC A. Peaking requirements, 
by 2014, are met by six CTU/CCs at one station, 
and 14 CTU/IGCCs at two stations. 
An alternative variation of Case 24 was 
analyzed. It featured a CSC coal station as : 
the first base load station. The variant with 
a CANDU station first is favoured because it 
_ maintains CANDU capability in Canada. 
Figure 15-17 summarizes the capacity 
additions by the end of 2014. 
: The approximate timing of capacity addi- 
: tions over the planning period is shown in 


: Figure 15-18. 


Figure 15-19 provides the in-service date 


of each unit. 
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igure 15-17 Major Supply Additions by 2014 


Case 24 


Lower 
Major Supply Option Forecast 
Utility Purchase 1.0 
CSC - Coal 1.5 
CANDU 3.5 
CTU/NC 0 
CTU/CC 1.0 
CTU/IGCE 2.4 
Total 9.4 
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Figure 15-18 New Major Supply Case 24 
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Figure 15-19 Major Supply Additions By 2014 — Case 24 
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Lower Forecast 

Option Station Units 
Manitoba Purchase 
cTuU/cc A 1-6 


CTU/IGCC A 1-12 
CANDU A 1-4 
CSCCoal A 1-2 
cTu/IGCC B 13-14 

Total (GW) 
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CANDU B 5-6 
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Figure 15-79 Major Supply Additions By 2014 — Case 24 (continued) 
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: Case 22 
: This Case is between Case 15 and Case 23. 


: Under the median load forecast, nuclear : 
: units are scheduled to reduce the need for 
new fossil generation until later in the period. 
_ This Case requires, by 2014, 12 CANDU units, : 
at three stations, six CTU/CCs at one station, 


- and 16 CTU/IGCCs at two stations. 


Under the upper load forecast, requirements 
are metinitially by CTU/NCs on existing sites, 
- and then by CTU/IGCCs. Nuclear units provide 
base load generation as lead time permits. 
This Case requires, by 2014, 15 CANDU units 
at four stations, eight CTU/NCs at two sta- 
tions, ten CTU/CCs at two stations, and 


- 16 CTU/IGCCs at two stations. 


: For lower load forecast, eight CANDU units 
: at two stations and ten CTU/IGCCs at one 


: station are required by 2014. 


Figure 15-20 summarizes total capacity 


additions by 2014. 


| The approximate timing of capacity addi- | 
' tions over the planning period is shown in | 


. Figure 15-21, 


Figure 15-22 provides in-service dates of 2 


: each unit. 
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Figure 15-20 Major Supply Additions by 2014 


Case 22 


Lower 
Major Supply Option Forecast 
Utility Purchase 1.0 
CANDU 7.0 
CTU/NC 0 
CTU/CC 0 
CTU/IGCC 1.7 
Total 9.7 
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Figure 15-21 New Major Supply Case 22 
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Figure 1-22 Major Supply Additions By 2014 — Case 22 


Lower Forecast 
Option Station Units 
Manitoba Purchase 
CANDU A 1-4 
CANDU B 5-8 
CTU/IGCC A 1-10 
Total (GW) 


Median Forecast 


Option Station Units 
Manitoba Purchase 
CANDU A 1-4 
CANDU B 5-8 
CTU/CC A 1-6 
CTU/IGCC A 1-12 
CANDU C 9-12 
CTU/IGCC B 13-16 
Total (GW) 
Upper Forecast 
Option Station Units 
Manitoba Purchase 
CTU/NC A 1-4 
CTU/NC 5-8 


B 

cTu/IGcc A 1-12 
CANDU A 1-4 
CTU/CC A 1-4 
CTU/CC B 5-10 
CANDU B 5-8 
CANDU C 9-12 
CTU/IGCC B 13-16 
CANDU D 13-15 


Total (GW) 
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Figure 15-22 
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Major Supply Additions By 2014 - Case 22 [continuad) 
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: CAPACITY AND ENERGY CONTRIBUTION 


Capacity Contribution 


: This section compares the capacity contrib- 
: uted by the generating options in each of : 
: the five Cases under three load forecasts, : 


| Figure 15-23, 


The figure shows that the Cases are very 
: different in terms of the capacity contribution : 
‘from different options. The CANDU contri- ; 
: bution varies from zero under all load forecasts : 
- in Case 26 to 15.9 GWunder upper load forecast 
: in Case 23. The CSC coal varies from zero 
2 under all load forecasts in Case 15 to 10.4 GW 
- in Case 26 under the upper forecast. CTU/G | 
varies from zero under median forecast in 
: Case 23 to 8.4 GW under upper forecast in : 


' Case 26. 


: In Case 15, under median forecast, the : 
: capacity contributions are: CANDU -8.8GW, : 
: CTU/G - 5.4 GW, and Manitoba Purchase - : 


1.0 GW. 


Figure 15-24 compares the number ofsta- : 
: tions and units for each option in the five | 


: Cases under three load forecasts. 


| Given the large variation in generation | 
: capacity, there are also large variations in the : 


number of stations and units. 
: The CTU/G varies from zero to 50 units, 
: the CANDU from zero to 18 units. 


_ Energy Production 

: The simulation of energy production includes 
3 not only a Major Supply Plan, but the existing 
system and the Demand Management, Hydraulic 


: gas controls are deployed system-wide. 


: Ontario Hydro designs its system to meet : 
: the needs of its customers in Ontario and, | 
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Figure 15-23 Comparison of Major Capacity Additions by 2014 (GW 


Options 

Manitoba csc 

Purchase CANDU Coal CTU/G Total 
Lower Load Forecast 
Case 23 1.0 8.8 0.0 0.3 10.1 
Case 22 1.0 7.0 0.0 hy, 9.7 
Case 15 1.0 5.3 0.0 3.3 9.6 
Case 24 1.0 3.5 1.5 3.4 9.4 
Case 26 1.0 0.0 4.5 4.0 9.5 
Median Load Forecast 
Case 23 1.0 14.1 0.0 0.0 15. 
Case 22 1.0 10.6 0.0 3.7 15:3 
Case 15 1.0 8.8 0.0 5.4 15.2 
Case 24 1.0 Sed 3.0 6.0 16:3 
Case 26 1.0 0.0 7.4 6.7 15.1 
Upper Load Forecast 
Case 23 1.0 15.9 0.0 2.6 19.5 
Case 22 1.0 13.2 0.0 Bab. 19.9 
Case 15 1.0 12.3 0.0 6.4 19.7 
Case 24 1.0 8.8 3.0 7.0 19.8 
Case 26 1.0 0.0 10.4 8.4 19.8 


: when applicable, contractual commitments : 
- to other utilities. : 
| Non-firm sales to other utilities are excluded 
from energy production figures. These sales, ; 
which have been in the one to ten TWh per 
year range, will likely continue when there 
is mutua! benefit and an opportunity for Hydro 
and NUG Plans. This is because the addition 
of new demand/supply options affects the 
: deployment of the existing system. Also, acid 


to generate net revenue to reduce costs to : 


Ontario customers. 


Summaries of energy production, using : 
: five-year averages, for all three load forecasts : 


are shown in Figures 15-25, 15-26 and 15-27. 
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Energy production from hydraulic gener- : 
: ation and utility and non-utility purchasesare | 


common to all Cases. 


Hydraulic generation rises from about : 
35 to 40 TWh per year over the plan period | 


for all Cases and under all load paths. 


Under all load forecast paths, energy from 
the Manitoba Purchase begins in 1998, rises : 
: toabout 7 TWh per year by 2003, and continues : 


at that level to the end of the plan period. 


Purchases from NUGs grow from small : 
values to nearly 11 TWh per year by the end : 
: of the plan period under median load forecast; 
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Figure 15-24 Comparison of New Units and Stations Required by 2014 


CANDU_ CSC Coal 


Lower Load Forecast 


Case 23 10 
Case 22 8 
Case 15 6 
Case 24 4 
Case 26 0 
Median Load Forecast 

Case 23 16 
Case 22 12 
Case 15 10 
Case 24 6 
Case 26 0 
Upper Load Forecast 

Case 23 18 
Case 22 15 
Case 15 14 
Case 24 10 
Case 26 0 
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Stations 

CTU/G CANDU CSCCoal CTU/G 
Z 3 0 1 
10 2 0 1 
20 2 0 3 
20 1 1 3 
24 0 2 3 
0 4 0 0 
32 3 0 3 
32 3 0 4 
36 2 1 4 
40 0 3 4 
16 5 0 3 
34 4 0 6 
38 4 0 7 
42 3 1 7 
50 0 4 7 


* For fossil stations, different numbers of units, providing equivalent capacity may be used. 


- the figures. 


_ they grow to about 6 TWh per year under : 
- lower load forecast; and to about 12 TWh per 
_ year under upper load forecast. Utility : 


_and non-utility purchases are combined in ; 150 TWh per year in Case 23. Case 26 has ; 


Under median load forecast, nuclear energy 


production at the end of the plan period ranges 
from about 90 TWh per year in Case 26 to 


: fossil energy production as high as 65 TWh 


Nuclear and fossil energy production vary | 


significantly between Cases. 


: production. Case 23 reduces fossil energy 


Under lower load forecast, the differences 


: is less need for new generation. All Cases 


- between Casesare diminished, because there | 
' production is generally higher than for the : 
- have very low fossil energy production in the 
- late 1990s. - is produced by intermediate fossil stations. | 


In Case 26, fossil energy production reaches 


per year, approaching the same level as nuclear 


production to less than five TWh per year. 


Under upper load forecast, fossil energy 


median path. Most of the increased energy 
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Biological surveys are done to determine 
environmental impacts of electricity generating 


: facilities. 


90 TWh per year by 2014. Nuclear generation : 


: ranges from close to 90 TWh per year in Case | 
_ 26 to 170 TWh per year in Case 23 by 2014. | 


_ Emission Controls On Existing 


Fossil Units 7 
All new fossil generation added to the system : 


: will have emission controls. The existing fossil 


units will also require emission controls. Under : 
lower load forecast, all Cases required retrofit 
of SOg scrubbers on two existing coal-fueled : 
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Figure 15-25 Average Annual Energy Production — Lower Forecast 
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Figure 15-26 Average Annual Energy Production — Median Forecast 
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Figure 15-27 Average Annual Energy Production — Upper Forecast 
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2: 


35 


: units and the retrofit of Combustion Process | 
- Modifications (CPMs) on four existing units 
| for NO, control. Under the median forecast, : 
' four SO, scrubbers and eight sets of CPMs 
are required. Under the upper forecast, twelve : 
: scrubbers and eight sets of CPMsare required. : 
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| Existing coal-fueled stations are used to meet peak and intermediate demands. 


Possible candidate sites for new major supply : 
options are discussed in Chapter 14. Illustrative : 
: CANDU stations, CSC coal stations, CTUs con- : 
' vertible into IGCCs, CTUs convertible into | 
- CC units, and CTU/NCs without further | 


sites for each Case are selected from the list 
of possible sites so that the cost analysis described 


: later in this chapter includes siting and trans- : 
: mission costs. The set of illustrative sites for 
: each Case represents a feasible choice and : 
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: meets the planning requirement for a geo- 
: graphic balance between electricity demand | 


and supply, Figure 15-28. : 
In general, the Cases require sites for : 


development options. 
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Figure 15-28 \lustrative Siting and Timing of Options 


Case 23 Case 22 Case 15 Case 24 Case 26 
Load 
Forcast In- In- In- In- In- 
Site Condition Option Service Option Service Option Service Option Service Option Service 
Darlington B Lower CANDUA ~ 1999 CANDUA 2007 CANDUA 2009 CANDUA 2009 
Median CANDUA ~ 1999 CANDUA 2001 CANDUA 2003 CANDUA 2003 
Upper CANDUA ~ 1999 CANDUA 2001 CANDUA 2002 CANDUA = 2002 
Hearn Lower CTU/CCA 2008 CTU/CCA 2008 CTU/CCA 2008 
Median CTU/CCA 2008 CTU/CC A 2001 CTU/CCA 2001 CTU/CCA 2001 
Upper CTU/CCB = 2003 CTU/CCB 2002 CTU/CCB 2003 CTU/CCB =. 2003 
Keith Lower 
Median 
Upper CTU/CCA 2002 CTU/CCA 2001 CTU/CCA 2002 CTU/CCA 2002 
Lakeview Lower CTU/IGCCA 2012 CTU/IGCCA 2012 CTU/IGCCB 2012 CTU/IGCCB 2012 CTUAGCCB 2012 
Median CTU/IGCC B 2012 CTU/IGCCB 2009 + CTU/IGCCB 2008 CTU/IGCCB 2008 
Upper CTU/IGCCB 2012 CTU/IGCCB 2012 CTU/IGCCC 2006 CTU/IGCCC 2007 
Lambton Lower 
Median CTU/IGCCC 2012 CTU/IGCCC 2010 cTU/IGCCC 2010 
Upper CTU/NCA = 1993 CTU/NCA = 1993 CTU/NCA 1993 CTU/NCA = 1993 CTU/NCA 1993 
LennoxA Lower 
Median 
Upper CTU/NCC 2001 
Lennox B Lower 
Median 
Upper CTU/IGCCB 2001 CTU/IGCCB 2001 
Nanticoke Lower 
Median 
Upper CTU/NCB 1994 CTU/NCB = 1994 CTU/NCB 1994 CTU/NCB 1994 CTU/NCB = 1994 
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Figure (5-28 (\lustrative Siting and Timing of Options (continued) 
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Darlington B and North Channel are used 
as reference sites for CANDU stations. 
; Wesleyville B is used as a reference site for a 
CSC coal station. In those Cases where North : 
Channel is not used for a nuclear station, it : 
: is a reference site for a CSC coal station. 
Wesleyville could also be a site for a CANDU 
station. Wesleyville A and Lennox B are sites 
for CTU/IGCC. Lakeview and Lambton become 
CTU /IGCC sites once the existing generation 
is decommissioned. These stations begin as 3 
CTUs, but have provisions to develop into 


IGCC sites, if required. 


: Hearn and Keith are suitable sites for 
: CTU/CC now and are capable of addi- : 
: tional capacity if the existing generation is : 


: decommissioned. 


: Lennox A, Lambton, Nanticoke and 
: Lakeview could accommodate CTU/NCs during : 
: the life of the existing station, if required to | 


: meet the upper load forecast. 


: Figure 15-28 shows an example of how | 
: illustrative sites could be used in each Case : 
: under all three load forecasts. An alternative |: 


: siting sequence was also studied. 


: The number of sites required varies between 
Cases and between load forecasts (Figure 15-29). | 
: For the upper load forecast, eight to eleven i 
: sites would be used; for the median forecast, : 
four to seven; for the lower forecast, three i 


: to five. 


: Need for New Sites 


: To meet base load requirements, all Cases 
require new sites to be identified in locations : 
that maintain geographical balance between 
demand and generation. For the median fore- : 
cast, two sites need to be identified in Cases 3 


- 15, 22, 24 and 26; and three in Case 23. 
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Figure 15-29 Number of Illustrative Sites Used 


Load Forecast Case 23 Case 22 Case 15 Case 24 Case 26 
Existing Sites Used 

Lower 2 2 4 4 4 
Median 1 4 5 5 5 
Upper 4 7 8 8 8 
New Sites Used 

Lower 2 1 1 1 1 
Median 3 2 2 2 2 
Upper 4 3 3 3 3 
Total Sites Used 

Lower 4 3 5 5 5 
Median 4 6 7 7 7 
Upper 8 10 11 11 11 


Approvals — 


Approvals requested in this application (see 
Chapter 19) include the requirement and rationale 
for the stations and sites in the Hydraulic 


: Generation Plan, and the requirement and ration- 
ale for new fossil] and nuclear generation. 
: Locations to be considered for the various fossil 


and nuclear projects will include at least those 
sites shown in Figure 14-22. Approvals are also 
requested for the requirement and rationale for 
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radial transmission to incorporate new generation : 
to the existing and planned Bulk Transmission 
System. Subsequent project assessments will | 
ensure that the proposed facilities are located and 
implemented in an environmentally acceptable 


manner, and with opportunities for community 


input. Project assessments will not duplicate or - 
reconsider the planning issues determined by this - 


application. 
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Figure 15-30 Average Annual Acid Gas Emissions 
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Alternatives exist within the existing : 


identified sites. For example, in most Cases, : 
; Wesleyville B could be used as an alternative 
to Darlington B for a nuclear station east of 
Toronto. However, the existing identified alter- 
: natives are limited and new sites need to be : 
identified in the early 1990s to provide additional : 
alternatives to the existing and identified sites. 


2 ILLUSTRATIVE TRANSMISSION 


: Chapter 14 identified transmission require- | 
: ments to ensure that the cost analysis includes : 
: transmission costs. 


Generally, the amount required varies little : 


between Cases for the same load forecast. The 
main difference between Cases for the same 
load forecast is in the order and timing of , 
: additions to the Bulk Transmission System. 
However, in some Cases, particularly under : 
: lower load, there are differences of up to 350 km 3 
in the total length of transmission requirements. 
: The amount of transmission required increases : 
, with load. : 


_ COMPARISON OF THE CASES 


- This section compares the five Cases under | 
: avariety of topics derived from the planning | 
: Criteria. 


- Safety Requirements And Standards And 
- Public Safety Characteristics 
- Alloptions in all Cases will be designed, built, 
operated and decommissioned in a manner 
that is consistent with Hydro’s safety standards 
_ and meets or betters federal and provincial 
safety requirements. : 


a& 


“Ontario Hydro reactors are 
being operated safely 
and at high standards of 
technical performance. No 
significant adverse impact has 
been detected in either 
the workforce or the public. 
The risk of accidents 
sertous enough to affect the 
public adversely can 
never be zero, but tt 1s very 
remote. ” 


- Dr. EK. Hare, Commissioner of the 
Ontario Nuclear Safety Review 
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Figure 15-31 Trends in Acid Gas Emissions 1989-2014 
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The safety of nuclear stations is of particular : 
: concern to the public, and is of major impor- 3 
: tance to Hydro. The safety of Ontario Hydro’s 2 
: nuclear stations was reviewed in 1987/88 by : 
: Dr. F.K. Hare, Commissioner of the Ontario : 
: Nuclear Safety Review. The report concluded: 3 
: “Ontario Hydro reactors are being operated : 
: safely and at high standards of technical per- : 
: formance. No significant adverse impact has : 
been detected in either the workforce or the : 
: public. The risk of accidents serious enough : 
: to affect the public adversely can never be 3 
: zero, but it is very remote.” 


- Environmental Requirements, Standards 


| And Characteristics - General 


: Hydraulic Generation Plans are common to 
: all Cases. 
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Potential effects on the natural environment : 
of major supply options and related mitigation | 


measures were considered in Chapter 14. 
Some environmental effects are monitored 


on a system-wide basis and have significant | 


impact on major supply plans. 


Other natural environment effects are : 
monitored and controlled at the station site. : 
For example, radioactivity from nuclear facili- : 
ties is controlled, by design and operation, : 
to limit public radiation exposure to less than : 
the regulatory limit set by the Atomic Energy : 
: Control Board. Results of monitoring are sub- 2 
2 mitted to regulatory authorities. Station specific : 
: emissions are discussed in Chapter 14 and ; 
will be thoroughly examined during specific : 
: The natural environment effects of the Demand : 3 
- Management, Non-Utility Generation and | 


project approval. 
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Figure 15-32 Average Annual SO, Emissions 
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: additional detail is in the Demand/Supply 
' Environmental Analysis Report. 


_ Environment - Acid Gas Emissions 3 
Total acid gas emissions by Ontario Hydro : 
: are limited by regulation to 215 Gg per year, 
starting in 1994. These acid gas emissions in- | 
clude sulphur dioxide (SQ,) and nitrogen ; 
- oxides (NO,). 3 


All Cases meet the total acid gas emission 


: limit under all load forecasts. 


However, there are major differences in : 


: emissions between Cases, starting in 2000. 
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Figure 15-30 shows, in five-year averages, 7 


: the predicted acid gas emissions. 
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Trends in acid gas emissions, expressed | 


in g/kWh of total Ontario Hydro generation, 
- are shown in Figure 15-31. There is a drop : 
: in emission rates in all Cases, particularly 
: Cases 22 and 23. : 


| Environment - SO, Emissions | 
; Along with limiting total acid gas emissions, 
the regulation also limits SO, to 175 Gg per 3 
: year by 1994. 


All Cases meet the SO. limit under all load : 


: forecast conditions. 


However, there are large differences between 


: Cases (Figure 15-32). 


: Trends in $0. emissions, expressed in g/kWh : 
: of total Ontario Hydro generation, are shown 
: in Figure 15-33. There is a drop in emission : 


: rates, especially for Cases 22 and 23. 


: Environment - NO, Emissions 


: NO, is limited in combination with SO, to 
a total of 215 Gg per year. However, it is antic- 
ipated that NO, emissions in excess of about 
60 Gg per year could become a public concern. 
Canada has signed an international protocol : 
agreeing to keep NO, emissions below 1987 : 
levels. Hydro’s 1987 NO, emissions were 62 Gg. 2 
Figure 15-34 shows that under upper load 
: forecast, peak NO, emissions in all Cases except : 
: Case 23 average about 60 to 70 Gg per year | 


' from 2000 to 2004. 


: Under median and lower load forecast, 3 
. all Cases except Case 26 have NO, emissions : 
at or less than 40 Gg per year. From 2010 to : 
2014, emissions in Case 26 are about 50 Gg : 


: per year under median forecast. 
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Figure 15-33 Trends in SO2 Emissions 1989-2014 
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Figure 15-34 Average Annual NO, Emissions 
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Figure 15-35 Trends in NOx Emissions 1989-2014 
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: Trends in NO, emissions, expressed in : 
g/kWh of total Ontario Hydro generation, 
/ are shown in Figure 15-35. Cases 15, 22 and : 
23 show more declines in emission rates than 


Cases 24 and 26. 


: Environment - Carbon Dioxide 
| Emissions 
: Carbon dioxide emissions from fossil generation 


: asan illustrative target, a 20% reduction from 
: 1988 CO, emissions by 2005. 


In 1988, Hydro’s CO, emissions were 31 Tg, 
making Hydro’s illustrative target approxi- 
mately 24 Tg per year. CO, emissions, which 
: vary significantly among Cases, are shown in : 


: Figure 15-36. 
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Under median forecast, Cases 24 and 26 : 
exceed the target; Cases 15, 22 and 23 provide : 


a margin below the target. 


Under lower forecast, Case 26 exceeds the : 
illustrative target. : 
: Under upper forecast from 2005 to 2009, 
: all Cases except Case 23 exceed the illustrative 
' target. From 2010 to 2014, Cases 24 and 26 : 
3 continue to exceed the target, Case 26 by two : 
are predicted to be a significant contributor : 3 
to global warming. There are currently no 
regulations on CO, emissions. However, 
; Canada’s energy ministers have considered, | 


to three times. 


Trends in CO, emissions, expressed in 
g/kWh of total Ontario Hydro generation, 
: are shown in Figure 15-37. Case 26 produces : 
: higher emission rates by the end of the planning : 
period; Case 24 is about the same; Cases 15, 


22 and 23 are lower. 


2 : 


a 


35: 
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Figure 15-36 Average Annual CO, Emissions 
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' At existing stations, sulphur dioxide limits are met by burning low-sulphur fuels and 


controlling emissions. 
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30 


35 


20: 
- Case 26 generates about 70% more, Case 24 | 
about 20% more, Case 22 about 20% less and 
Case 23 about 40% less. 

Total Case 15 ash and scrubber wastes, arising 

- from 550 TWh of fossil energy production | 

over the plan period, would occupy a cube 

- about 285 m on each edge. 

Some ash and scrubber wastes can be used : 

in road beds, concrete products and other 

| building products. The balance requires 

- storage/disposal on the generating site and 


35 


Mitigation Potential — 


Mitigation of acid gas and CQ, emissions is 


- achieved by plan components, such as demand 
management, which do not involve the use of fossil 
fuels. To meet SO2 and NO, emission regulatory 
: limits, Hydro employs a variety of control methods, 
including burning low-sulphur coal and installing 


scrubbers and combustion process modifications 


_ Environment - Fossil Generation Waste | 
- Wastes associated with coal generation include: 
ash and scrubber (Flue Gas Desulphurization) 
_ waste (F igure 15-38). There are no significant 
: wastes from oil or gas generation. 
Ashand scrubber waste varies between Cases 
over the plan period. Compared to Case 15, 


- new off-site disposal sites. 
' Trends in fossil generation solid waste, 
- expressed in g/kWh of total Ontario Hydro : 
generation, are shown in Figure 15-39. | 
- Cases 26 and 24 produce more waste than 
- Cases 15, 22 and 23. 


Atmospheric Emissions 
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on selected existing coal-fueled units. All new CSC 
coal units considered in these Cases ara fitted with 
$02 scrubbers and SCR for NO, control. : 

Cost-effective, practical techniques for remov- 
ing CO from the flue gas of fossil-fueled generat- E 


ing stations are not commercially available. 
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Figure 15-37 Trends in CO2 Emissions 1989-2014 
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Figure 15-39 Trends in Ash and FGD Waste Quantities 1989-2014 
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Figure 15-40 Fossil Generation Ash/FGD 


Waste Quantities Beyond Planning Period in Teragrams (Tg) 


Average Annual 


Production Waste from Fossil Generation in Place by 2014 

2010 - 2014 2014 - 2024 2014 - 2034 2014 - 2044 
Case 26 3.7 37 74 11 
Case 24 1.8 18 36 54 
Case 15 0.8 8 16 24 
Case 22 0.3 3 6 9 
Case 23 <0.1 0.8 1.5 2.3 


Reuse of Fossil Generation Waste 


. All five Cases produce significant quantities of 
- waste by the end of the planning period. A number 
of options is available to significantly reduce 
3 waste. Ash from Hydro’s coal-fired stations has 
historically been used for replacement/additive 
; material in cement making; backfill material for 
: mines and pit/quarry rehabilitation; and hazardous 
- liquid stabilization. In 1987, about 19% of the ash 
produced by Hydro’s coal-fueled stations was 
: recycled. Hydro is actively pursuing a variety of 
- Opportunities to expand the reuse of ash. 
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Scrubbing SO9 from the flue gas at coal-fueled 
stations produces a calcium sulphate (gypsum) : 
waste that can, at additional cost, be used in the 
production of commercial grade wallboard. Hydro 2 
is actively negotiating with wallboard manufac- : 


turers to develop a market for synthetic FGD 
gypsum that will be produced at Lambton GS, 
starting in 1994. 

IGCC has more easily managed solid waste and 
no scrubber waste. 
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Figure 15-41 Nuclear Fuel Waste Quantities 1989-2014 
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Installation of feeder tubing in Bruce 


Generating Station's reactor. 
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Ash and scrubber waste will accumulate : 


at different rates after the plan period. : 
: Figure 15-40 shows rates and projections of 3 
: waste quantities for 10, 20 and 30 year inter- : 
' vals from generation in place by 2014. 3 
: Case 26, which uses CSC coal stations to meet : 
: new base load requirements, has significantly ‘ 
"higher fossil waste volumes than the other | 
: Cases. Case 24, which uses one CSC coal sta- ; 
tion, has somewhat more wastes than the ; 
remaining Cases. : 


: Environment - Nuclear Generation 
| Radioactive Waste 7 
_ Wastes associated with nuclear generation 3 
include used fuel and low-level radioactive : 
: wastes (Figures 15-41 and 15-42). 3 


There is a variation in used nuclear fuel | 


: between Cases over the plan period. Case 26 | 
: generates the least, Case 23 the most. Relative : 
© to Case 15, Case 26 generates about 15% less; : 
- Case 23 generates about 15% more. Low-level 
radioactive waste (LLRW) quantities follow - 
: a similar pattern. ; 


Putting these waste quantities into per- : 


! spective, the used nuclear fuel of Case 15, 
arising from 2800 TWh of energy production : 
: over the plan period, would occupy a cube : 
: 28m on edge. Volume is the typical measure | 
: for LLRW, instead of mass, due to the hetero- ; 
: genous nature of the waste. The approximate , 
3 weight of the low-level radioactive waste , 
associated with Case 15 is 20 Gg. 3 


Trends in radioactive waste, expressed in | 


; g/kWh of total Ontario Hydro generation, » 
. are shown in Figure 15-43. All Cases show : 
: an increasing trend except Case 26. 
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; Construction of nuclear stations requires the largest workforce among supply options. 


<Major Supply Plans - Chapter Fifteen> 
15 - 50 


20 


: 30 


: 8 


g/kWh 


Thousand Cubic Meters 


<Providing the Balance of Power> 


Figure 15-42 Low Level Radioactive Waste Quantities 1989-2014 
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Figure 15-43 Trends in Used Nuclear and LLRW Quantities 1989-2014 
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: Used nuclear fuel will accumulate at differ- | 
ent rates after the plan period. Figure 15-44 : 
shows the rates and projections for 10, 20 
and 30 year intervals from nuclear generation | 
in place by 2014. Case 23 has the highest accu- 
_ mulation of used nuclear fuel, followed by, 
in declining order, Cases 22, 15 and 24. | 
Case 26 has the least, by a sizable margin, as 3 


: no additional nuclear facilities are added. 


Environment - Land Use 


' All Cases have comparable new land use require- | 
ments because the differences between Cases _ 
are small for new generating station sites, new : 
transmission circuits and new waste management _ 


: facilities. 


: Generating stations typically use 300 to 
500 hectares. In addition to the use of the - 
: existing Wesleyville and Darlington B sites, ; 
Cases 15, 22, 24 and 26 require land for two : 
new sites; three new sites are required for | 


| Disposal of Used Nuclear Fuels. 2 ¥ : 


Under median forecast, transmission 
: line right-of-way requirements are about : 


: Case 23. The use of existing sites in all Cases 
' reduces the requirement for new sites. 


13,000 hectares in all Cases. 


Land required for fossil generation wastes : 
is determined by the amount of coal burned, : 
the environmental control concepts adopted 3 
' and the extent to which by-productsare utilized. 
Land use for fossil waste ranges from about - 


300 to 600 hectares. 


: The nuclear fuel waste disposal facility 7 
- needed for existing nuclear facilities will also 
' accommodate used fuel quantities for new 
3 nuclear facilities in all Cases under all load _ 
forecasts. Hence, there is no incremental nuclear : 


: fuel waste management land requirement. 
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Figure 15-44 Nuclear Generation Used Fuel 


Quantities Beyond Planning Period in Gigagrams (Gg) 


Average Annual 


Production Waste from Nuclear Generation in Place by 2014 

2010 - 2014 2014 - 2024 2014 - 2034 2014 - 2044 
Case 26 1.6 16 32 48 
Case 24 2.2 22 44 66 
Case 15 2.5 25 50 75 
Case 22 ray 27 54 81 
Case 23 2.8 28 56 84 


A nuclear fuel waste disposal concept is being 


_ developed under the Ontario/Canada Nuclear Fuel 


Waste Management Program, with Atomic Energy 
of Canada Limited taking the lead. Ontario Hydro 
is leading the demonstration of transportation of 
these wastes. Preparation for public review of 
transportation and disposal, through the Federal 


: Environmental Assessment Review Panel, has 


started. 
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Once the disposal concept is approved, siting 
studies can begin. In the interim, Hydro will con- 
tinue to store used fuel at the nuclear stations. A : 
final repository is planned to be in place after 2020. 

Included in Ontario electricity rates is a provi- - 
sion for the cost of nuclear fuel waste disposal and | 


decommissioning of nuclear stations. 


25 


30 


: plans. These guidelines incorporate the results 
of public consultation during which Hydro 
: gained a better understanding of public values, 
: concerns and expectations. 


3 the DSPS, are seen as socially acceptable will ; 


3 depend on: 
| * How well Hydro has taken into account chang- : 


: station rehabilitation;. 


: a societal and loca concern. 


i in siting supply options. 
| Economic Impact - Gross Domestic 


: Product (GDP) and Employment 
; All demand/supply plans will generate 


: of a conventional steam cycle coal station. 


- Social Acceptance And Other Social 
- Considerations 
' The DSPS presents guidelines for the devel- ' 
; opment and evaluation of demand/supply 


Whether demand/supply plans, based on 3 


: ing social values related to, for example, envi- 
ronmental performance and maximum : 
achievement of preferred options - demand 2 
: management, NUGs, hydraulic generation and 


¢ The choice of supply options, which is both 


Social acceptance of plans will be evaluated 


: through the environmental assessment pro- | 
: cess, which will provide opportunities for | 
: public input. 


Social acceptance and other social con- : 


: siderations will also be an important factor 


- significant employment across the province. 
| Differences in total employment depend in 
; large measure on the fossil and nuclear com- : 
: ponents in each Case. Over the lifetime of a : 
CANDU nuclear station, typical Canadian and 
' Ontario contentis over 90%, about twice that 


A provincial GDP and employment impact 


3 assessment was prepared, comparing Cases 22 
2 and 24 to Case 15. The assessment period is 
- to 2009. : 
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How Hydro Makes Maximum Use of Land 


ransmission requirements dominate total! land 
se associated with all five planning Cases. 
pportunities to reuse existing rights of way for 
ew transmission and to provide maximum oppor- 
unities for secondary use on Hydro rights-of-way 
ill reduce future land requirements and optimize 
se of existing and future land holdings. Typically 


The GDP impacts are expressed in constant : 


1989 dollars and the employment impacts are 


expressed in person-years and take into account : 
: labour productivity gains in each year. : 
All Cases will produce additional GDP im- : 
pact and create more employment. For example, : 
on average, Case 15 will produce approxi- , 
mately a $4 billion GDP impact annually © 
(1.1% ofannual provincial GDP) and generate | 
: about, on average, 58,000 person-years of 


employment annually (1% of the annual 
provincial labour force). 


more person-years of employment annually : 
' over the 1989-2009 period. On average, the : 


differences between the Cases represent 0.03% 


$115 million less GDP impact and generates 


- 1,200less person-years of employment annually 
from 1989 to 2009. On average, the differences 
between the Cases represent 0.03% of the annual 
provincial GDP and 0.02% of the annual | 
: between Cases, mostly due to quantities of : 
imported fuel (e.g. U.S. coal) and equipment. : 


provincial labour force. 
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the amount of land not available for secondary 
use within a given right-of-way is less than 
one percent of the total. | 

Making maximum use of existing generating 
station sites before developing new sites and pro- 
viding opportunities for compatible secondary : 
uses is also preferred. : 


Cer Eee See CCE eer eer ere er rececerrercrrer errr err crete rier rer ers eri er ye Terry etree Tees 


Further assessment shows that similar annual _: 


differences continue when the analysis period : 


is extended to 2040. 

Results for Cases 26 and 23 can be inferred. 
Case 26, with more base load CSC coal : 
generation and no CANDU nuclear, would , 
have lower GDP and employment impact than 3 
Case 24. Case 23, with more CANDU nuclear 3 
generation, would have higher GDP and em- , 
ployment impact than Case 22. These impacts : 


: would still be small percentages of the annual : 
provincial GDP and annual labour force. : 
Relative to Case 15, Case 22 produces $95 mil- : 
lion more GDP impact and generates 1,100 


This impact analysis only measures the gross ; 
impacts of Ontario Hydro activity and does ; 
not reflect the net impact to the Ontario econ- 
omy. If the Ontario economy is at full em- | 


_ ployment over this period, some of the jobs 
of the annual provincial GDP and 0.02% of : 
: the annual provincial labour force. 


created by the construction of new facilities 


in Ontario would be drawn from other con- 
Relative to Case 15, Case 24 produces 


struction projects or through migration. | 


_ Therefore, the netimpact could be some fraction 
of the figures presented here. 


Economic Impact - Balance Of Trade 


Expenditures within and outside Canada vary. 


' Electricity exports, which also vary between : 
~ Cases, significantly favour the Canadian balance | 


of trade. 


/ Over a 40-year-period, assuming a 2002 7 
- in-service date and 80% average annual capacity 


. factor: 
' 1. $750 million dollars (1989 present value) 


- is spent within Canada to purchase fuel for : 


a CANDU station. 
- 2. $3,500 million dollars (1989 present value) 


: for an equivalent CSC coal station. 


: Estimates of differences in balance of trade | 
' between the Cases have been made beyond | 
the study period, to 2040, to capture a greater 
- of the Demand Management Plan. Customer : 


i portion of major supply option lifetimes. 
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Among the five Cases, Cases 23 has the 


most favourable impact and Case 26 has the 
: least favourable impact on balance of trade. | 


Compared to Case 15, Case 22 has a higher 


These differences total to about $1 billion 


favourable trade balance for Case 24. 


Customer Satisfaction 


There are many customer satisfaction con- 
siderations in the development and delivery : 


2 satisfaction, as it relates to major supply, is 
determined by the extent to which the other | 
criteria are satisfied, eg, cost, reliability, 
environmental protection. | 
impact of $115 million annually (constant 1989 
dollars) and Case 24 hasan unfavourable impact : 
of $57 million annually (constant 1989 dollars). 


Reliability Standard - Generation 


| Reserve Margin 
As discussed in Chapter 4, Ontario Hydro’s ! 
- ($1989) more favourable trade balance for | 
" Case 22 and about $300 million ($1989) less 
- is spent outside of Canada to purchase fuel 


reliability standard of 25 system minutes of - 
customer unsupplied energy can be translated 
' to a generation reserve margin of 24%. All 
Cases aim to maintain this reserve margin. , 
: Reserve margins for the five Cases are shown 
in Figure 15-45. All Cases maintain adequate 
reserve margin under median growth, have - 
a temporary shortfall under upper forecast, : 


Examples of Social Acceptance Considerations 


Provincially 

Certain segments of the provincial population may 
conclude they are more affected by the Demand/ 
Supply Plan than others, because of cultural back- 
ground, socio-economic position, lifestyle or liveli- 
_ hood. As a result, they may take a more active 
interest and involvement in its review. 

| For example, resource-based industries, 
manufacturing and other sectors of the provincial 
economy will have an interest in either the supply 
of resources, goods and services for the construc- 
tion and operation of the electricity system, or the 
: availability of sufficient, low-cost electricity to 
expand their own businesses. !n addition, skilled 
tradesmen across the province may have an inter- 
est in the potential for construction employment 
associated with plans and/or the dislocation 
' caused by changing jobs or work location. Lower 
| income and fixed income segments may be 


concerned with electricity rates rising in the 
Jong term. 

Other segments of the provincial pepulation 
may be concerned with equity issues related to the 
depletion of non-renewable resources, the long- 
term effects of fossil generation on the climate and 
the atmosphere, or the inter-generational sharing 
of risks and benefits of nuclear generation and 
waste management. 


Regionally 

People living in certain regions of Ontario may 
have a particular interest in parts of the 
Demand/Supply Plan. For example, northern res- 
idents may have a particular interest in the orderly 
development of hydraulic stations or the location 
of a major supply facility. Other segments of 
regional populations may have a significant inter- 
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est in how plans could affect recreation, land use, - 


business and traditional lifestyles. 


Locally 


Communities located near a proposed genarating 
facility generally have a strong interest in the : 
potential impacts — both positive and negative — of | 
the development. The extent and significance of - 
impacts depends on the fit between project and 
community characteristics. This fit typically 
includes project and community size, labour : 
requirements and availability, and project sched- 
ule. The local availability of skilled Jabour is a : 
major factor, as the influx of workers and their fam- 
| ilies may strain community facilities, services, 
administration and financial resources. However, 3 
many community impacts can be avoided or miti- 
gated with Ontario Hydro’s impact management 


programs. 
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Figure 15-45 Reserve Margins 
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' andare in surplus for most of the plan period : 
' under lower forecast. 


Up to 2000, the reserve margins are the 


: same in all Cases for each of the load forecasts, ; 
: because little major supply is added before : 
: then. : 


| Median Forecast 
Under median forecast, the reserve before 
2000 is above the standard for two reasons. 
: Darlington comes into service and demand 
management, non-utility generation and 
hydraulic developments make an increasing 3 
: contribution. All Cases maintain a reserve mar- : 
gin close to 24% from 2004 to 2014, Case 23 
exceeds the reserve margin, in some years by i 
a large amount, from 1999 to 2009. 


| Upper Forecast | 
Under upper forecast, reserves in the 1990s 
drop to about 16 to 20%. This is because there 
is not sufficient time to build supply facilities : 
required to maintain reserve margins in the 
"early to mid 1990s. Beyond the mid 1990s, 
restoring reserve margins depends on how : 
; quickly the trend to higher load growth is : 
recognized and on having sufficient approvals 
in hand to react to higher load growth in a 
: timely fashion. All Cases except Case 23 restore 
: reserves to 24% by about 2005; Case 23 restores 
reserves several years sooner. : 


Lower Forecast 
Under lower forecast, reserve margins rise 
throughout the 1990s as Darlington comes 
into service and the Demand Management, 
Non-Utility Generation, Hydraulic Plans and 
the Manitoba Purchase are implemented. 
Gradually, with load growth and with the retire- 
ment of some existing generation, reserve : 


& 


More than 3/4 
of total costs to 2014 are 
associated with 
operating and maintaining the 


existing system. 


_ margins return by 2008 to 24% in all Cases - 
. except Case 23, which maintains high reserves | 


- to 2011. 


- Major Supply Costs - 25-Year Period 


- Costs were evaluated using concepts described : 


_ in Chapter 6. 


Figure 15-46 shows costs for Ontario Hydro - 
- new major supply in the five Cases. The costs : 
: are the present value of the levelized costs : 
- allocated to the study period, using the median : 
: forecast of load and cost estimates such as 


- fuel cost, capital costs and discount rate. 


Nuclear and fossil station costs are the life 

, growth. On the other hand, in Case 22, the : 
fueling cost from 1989 to 2014 is reduced by | 
$77 million, because most of the additional 


| cycle costs allocated to the period up to 2014. 


: Most future fuel costs will be incurred to ; 
_ meet existing demand. To better understand | 
the impact of the Cases, the fuel costs shown | 
- in Figure 15-46 are those for meeting growth : 
"in demand beyond 1993. They include the 
- cost of fuel from new supply options and their 
- effects on deployment of the existing system. | 
For example, in Case 24 there is higher cost, : 


' of $1,387 million, associated with fuel to meet 
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Figure (5-46 Cost of Ontario Hydra New Major Supply 


Median Load Growth and Median Cost Estimates 


$1989 Million present value allocated to 1894 


Cost 

Component Case 23 
Nuclear 

Capital 5,165 
OM&A 2,553 
Fossil 

Capital 92 
OM&A 0 
Fuel related costs 

associated with 

growth beyond 1993 (961) 
Bulk Transmission 

Cost Difference 

from Case 15 287 
Total 7,137 
Difference 

from Case 15 2,339 


energy is produced by low-cost nuclear fuel 
that displaces some more expensive fuel in 
use in 1993, the reference year. 

Differences in bulk transmission costs are 
shown relative to Case 15. 


- Differences in Ontario Hydro major supply 
_ costs are shown in the bottom line of | 
- Figure 15-46. Relative to Case 15, Cases 23 
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2018 


Case 22 Case 15 Case 24 Case 26 
3,382 2,189 1,639 0 
1,675 1,083 810 0 

208 517 908 1,926 
25 73 262 847 
(77) 936 1,387 2,897 
101 BASE 0 {40) 
5,314 4,798 5,006 5,630 
516 BASE 208 832 


and 26 have larger cost differences than ; 


Cases 22 and 24. 


Case 23 is higher in cost because CANDU 
Stations operate at low capacity factors, where : 
they are not cost competitive, (Figure 15-3). 
Case 26 is higher in cost because fossil 
" stations operate at high capacity factors, where 
they are not cost competitive, (Figure 15-3). 


> 20 


: 25 


: 30 


3 
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Figure 15-47 Total Cost of New Demand/Supply Options and Operating the Existing System 


£1989 Million Present Value 


Case 23 Case 22 Case 15 Case 24 Case 26 
Cost of New D/S Options 
Allocated to 1994 - 2014 
Nuclear —Capital 5,165 3,382 2,189 1,639 0 
-OM&A 2,553 1,675 1,083 810 0 
Fossil ~ Capital 92 208 517 908 1,926 
-OM&A 0 25 73 262 847 
Acid Gas Controls 441 44] 441 441 441 
Manitoba Purchase 1,331 1,331 1,331 1,331 1,331 
Hydraulic -— Capital 1,189 1,189 1,189 1,189 1,189 
-OM&A 200 200 200 200 200 
Load Reducing Options DM&LD-NUGS 3,094 3,094 3,094 3,094 3,094 
Purchase NUGs 1,619 1,619 1,619 1,619 1,619 
Transmission 1,665 1,479 1,378 1,378 1,338 
Distribution 2,998 2,998 2,998 2,998 2,998 
Total Cost of New D/S 20,347 17,641 16,111 15,868 14,982 
Fuel-Related Costs 
Cost Associated with 
Existing Demand 14,046 14,046 14,046 14,046 14,046 
Cost Associated with 
Growth Beyond 1993 (961) (77) 936 1,387 2,897 
Total Fuel 13,085 13,969 14,982 15,433 16,943 
Cost of Existing System 
Allocated to 1989 - 2014 42,898 42,898 42,898 42,898 42,898 
Total Cost of New D/S Options and 
Operating the Existing System 76,330 74,507 73,991 74,199 74,823 
Cost Differences from Case 15 2,339 516 BASE 208 832 
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& 


There is uncertainty in the 
estimates of all cost 
components in each case. A 
probability analysis 
indicates a high confidence 
(90%) that Case 15 


is the lowest cost Case. 
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- Total Demand/Supply Option Costs - 
| 25-Year Period 

Total customer costs for other D/S options 
and the cost of operating the existing system 
: during the plan period are shown in 
3 Figure 15-47 to provide a context for Ontario 
: Hydro major supply costs. The following costs 
are shown: 

Nuclear and fossil capital and OM&A are 
: those costs previously shown in Figure 15-46. : 
: Acid gas control costs include scrubbers to reduce 
: SO, and combustion process modifications 
to reduce NO,. 


Manitoba Purchase costs start in 1998. 


Load reducing options, ie, demand manage- 
ment and load displacement NUGs, include 
; both utility and customer costs. These are a 
' substantial component of future D/S plan costs. 
Purchase NUGsinclude payments from Hydro 
to NUGs for electricity purchases. 
Transmission and Distribution costs include 
| expenditures by municipal utilities, because : 
these costs are part of total customer costs. | 
: Costs vary between Cases, because bulk trans- : 
mission requirements and timing are different. 
: Fuel related costs are divided into two com- 
ponents. The first represents costs associated 
; with meeting existing demand. This includes 
the cost of fuel from 1989 to 1993, plus an 
- assumption that the manner in which the exist- 
ing system meets 1993 demand continues from ; 
_ 1994 to 2014. The second component is the 
cost of meeting forecast load beyond 1993, 
which was shown earlier in Figure 15-46. Fuel 
: related costs include a small allowance for 
profits from electricity export sales from nuclear 
generation. 
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: The cost of the existing system includes 
demand management and non-utility generation 
from 1989 to 1993, and future operation, main- 
tenance and rehabilitation of the existing system. 

Costs in Figure 15~47 do not include the 3 
financing or depreciation costs for the existing 
system, because they are derived from sunk 
costs and are not affected by demand/supply 
additions. This figure shows that a large part 
of future costs relates to operating the existing 


system and is common to all Cases. 


More than 3/4 of total costs to 2014 are 
associated with operating and maintaining 
the existing system. ; 
Hydraulic costs are for 2850 MW of 


; Cost differences shown in Figure 15-47 3 
: developments by 2014. 


are the same as those previously shown in : 
Figure 15-46, because differences in cost are : 
associated with major supply options. All other : 


components are common to all Cases. 
Case 15. 


Cost Differences - 25-Year Period 


Figure 15-49 tabulates the differences in major 
supply cost, using Case 15 as a base. The total : 
cost of Ontario Hydro’s major supply are also 
shown on the left column. Figure 15-46 showed 
the Ontario Hydro major supply cost under 


median forecast. 


Figure 15-49 also shows the differences | 
: for upper and lower forecasts. 3 
All Cases cost more than Case 15 under : 


all load forecasts. 


Cost Confidence 


Until now, costs for three load forecast paths 
have been shown - median, upper and lower 
forecasts. This section presents results for the 
other two load paths, the branch upper and 
' branch lower paths, which are described earlier 
in this chapter. 


Figure 15-48 displays the total cost for : 


25 
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Figure 15-48 Total Costs for Case 15 — 1989 to 2014 
Median Load Growth and Median Cost Estimates 
1989 Present Value 


BH Existing System 
$56.9B 


WB New Nuclear and 
Fossil and Fuel 
$4.8B 


Trans & Dist. 
$4.4B 


Mi DMandLD NUGs 
$3.18 
BB 


Purchase NUGs 
$1.6B 


Hydraulic 
$1.48 


Manitoba Purchase 
$1.3B 


W@ Acid Gas 
$0.4B 


Total Cost $73.9 B 


Figure 15-49 Ontario Hydro Major Supply Cost Differences Relative to Case 15 


Median Cost Estimates 


§1989 Million Present Value 


Cost Differences 
Ontario Hydro 
Load Major Supply 
Forecast Cost of Case 15 Case 23 Case 22 Case 15 Case 24 Case 26 
Upper 12,191 1,164 167 BASE 221 1,214 
Median 4,798 2,339 516 BASE 208 832 
Lower 2,149 2,154 314 BASE 17 187 
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This section also introduces cost estimates 
: of fuel costs, capital costs and discount rates 
that representa band of uncertainty, For each 
2 estimate, a range with an 80% confidence is 
established. Ranges are represented by three 
: levels: median, upper, and lower, each with : 


: a corresponding probability. 


: Results of the analysis provide a band of 
costs, based on possible variations in load fore- 
cast and cost estimates. Using this approach, 
- the cost of a Case is nota single number, but | 
a distribution or band representing 405 possible 


: outcomes. 


: One way to compare Cases is to plot the , 
differences between the lowest cost case, 
Case 15, and all others. Figure 15-50 shows : 
the cumulative probability distribution of 
cost differences between Case 15 and the 


: other Cases. 


: When a cost difference line is left of 0, it 
- indicates the probability of that Case costing 
less than the base Case; if it is to the right, it 
indicates the probability of the Case costing 
more than the base Case. If the distribution 
of costs for one Case is always to the left of : | 
: another, then the one to the left is lower in 7 


: cost under all conditions. 


: The figure shows, for example, that there 
' is less than a 10% probability that Case 22 
- could be lower in cost than Case 15, and greater 
- than 90% chance thatit will be higher in cost. 
The low end of the figure shows that there 
is negligible chance that Cases 23, 24 or 26 
_ would be lower in cost than Case 15. The 3 
' top end of the figure shows that all Cases 
could be significantly higher than Case 15. 
Cases 26 and 23 could be higher bya substantial 


: margin. 


| There is uncertainty in the estimates of 
- all cost components in each Case. A probability 
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Figure 15-50 Cost Differences Relative to Case 15 
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Figure 15-51 Summary of Cost Differences Relative to Case 15 


$1989 Million 


Description of 

Cost 

Difference 
Differences Based 
on Median Estimates 
(shown in Fig. 15-46) 
80% Confidence 
Band 

Expected Cost 
Difference 


Present Value 


Case 23 
2,339 


1,020 — 3,195 


2,097 
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Case 22 
516 


30 - 690 


365 


Case 15 
Base 


Base 


Base 


3750 


4500 


Case 24 
208 


30 — 390 


187 


Case 23 
Case 22 
Case 24 


Case 26 


Case 26 
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857 
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Figure 15-52 Impact on Electricity Prices Relative to Case 15 
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: probabilities. 


Illustrative Costs - Siting And 
: Transmission 


: area) is developed earlier. 


: Electricity Prices : 
Impacts on electricity prices, to the year 2009, 


in-service dates beyond 2014. 
Under Case 15, real electricity prices over 


: Figure 15-52 for median, upper and lower 


' analysis indicates a high confidence (90%) | 
| that Case 15 is the lowest cost Case. : 
Figure 15-51 summarizes cost differences 
relative to Case 15. For reference, cost dif- : 
: ferences shown earlier for median estimates : 
in Figure 15-46 are repeated. Also presented : 
is the 80% confidence band on cost difference 3 
drawn from the cumulative probability dis- : 
tribution figure; and expected cost differences. 
Expected cost, introduced in Chapter 6, isa 
: weighted cost determined by the sum of the 
405 cost outcomes multiplied by their respective 


The costs shown to this point assume the first 
: major base load generating station is east of : 
Toronto. To illustrate how cost may vary with 
' siting, another siting sequence was evaluated. : 
It assumes the first major station is in Northern 
Ontario. Costs increase by about $150 to 
| $250 million, because transmission costs occur 
earlier and the higher cost site (North Channel 


i are presented in this section. Financial impacts i 
: beyond 2009 are influenced by costsassociated : 
with as yet undefined new facilities with 


the next 20 years are expected toremain within : 
| +10% of current levels. The impacts on electricity : 
' prices relative to Case 15 are shown in : 


: forecasts. For the first decade of the study : 
: period, there are essentially no differences : 
: in prices, while from 2000 to 2009, electricity 


7 prices for Cases 22, 24 and 26 are generally - 


' within 3% of Case 15. The outlook is 
: significantly less favourable under Case 23, 


: with prices projected to be as much as 10 to : 


15% higher than Case 15. 


: Cases 24 and 26 have slightly more favourable 
: electricity price outlooks than Case 15 during | 
the study period, due to the initial accounting : 
cost advantage enjoyed by fossil stations over 
nuclear stations. The combined accounting : 
cost, discussed in Chapter 6, of capital, OM&A : 
"and fuel in the first few years of a station’s | 
life are higher for nuclear generation than : 


: for coal generation. 


Prices for Cases 24 and 26 become higher : 
: than Case 15 beyond 2009, as the accounting — 


: cost associated with capital declines. 


: Borrowing Requirements, 


Figure 15-53 shows projected annual real net 
: borrowing levels. Borrowing levels are generally 


Cost Confidence Analysis 


The total cost of a major supply case depends on - 
the combination of load path and cost estimates : 
7 assumed. This cost analysis considers five load 
i paths (upper, branch upper, median, branch lower, - 
i lower) and three values for each cost estimate 
/ (upper, median, lower). When each load path is 
combined with each value of the cost estimates, : 
there are 405 cost outcomes for each major supply : 


‘| case. 


i Load Growth ~5 Paths 
: Capital Costs -3Estimates _ 
Uranium Fuel Costs —3 Estimates 
Fossil Fuel Costs —3 Estimates 


Discount Rate —3 Estimates : 
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Figure 15-53. Annual Net Borrowing 
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Figure 15-54 Debt Ratio 
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Case 23 
Case 22 
Case 15 
Case 24 


Case 26 


: expected to peak around 2000 and again around 
: 2008, corresponding to the need for major 
new generating facilities. Borrowings are highest 
for those Cases having the most nuclear gen- 
eration, and lowest for those Cases using the 
most fossil generation, as the capital cost of : 
nuclear generation is higher than that for : 
: fossil. Annual real net borrowing levels are 
: +$1.5 billion of those for the Case 15. 


Relative to Case 15, cumulative real net 


3 borrowings over the period to 2009 are projected 
: to be up to $7 billion higher under Case 23, : 
: up to $3 billion higher under Case 22, up : 
to $4 billion lower under Case 24 and up to : 
$13 billion lower under Case 26. 


While the various Cases provide a wide range : 


of borrowing requirements, gross annual bor- 
rowings have peak requirements that range 
3 up to twice current levels (in 1989$). In years : 
: when borrowing requirements are high, Ontario 
Hydro may have to obtain funds at interest 
rates closer to the upper range considered : 
in the cost confidence analysis, and may have 
to accept foreign exchange risk. 3 


: Financial Performance - Debt Ratio 
: The outlooks for the Corporation’s financial 
: performance, as measured by the debt ratio 
| (debt divided by total capital), are illustrated 
in Figure 15-54, They are based on Ontario 
Hydro’s current net income policy, which is 
under review. For all Cases, the debt ratio is 
: generally expected to remain in the 0.75 to 
0.81 range throughout the next 20 years, rising 
slightly whenever major new generating stations 
near completion. This outlook may be compared 
; to Hydro’s debt ratio over the past twenty 
"years, which has ranged from 0.78 to 0.85. A 
: comparison of debt ratios between Cases gen- 


erally reflects similar trends (ie, those Cases 
i having higher borrowing levels also have higher 


i debt ratios). 


2 Cost Differences Beyond 
: The Study Period 


Major differences in costs occur after 2014. 
; This is because, on average, only about six 
years of the 40-year-life of base load options 
occur within the plan period. The true dif- 
ferences between Cases over the full life of 
the base load options are very large. Estimates 
of cost differences beyond the study period 


are shown in Figure 15-55. 


: Cost differences between Case 15 and : 
: the other Cases grow with extension of the : 


: study period. 


: The cost difference between Case 26 and 
Case 15 over the plan period is $832 million; 
if the study period is extended to 2044, the 
cost difference increases to $3,044 million. 


Another way to demonstrate the large 


: load options. 
: The levelized unit energy cost of the 
: CANDU base load option is 3.1 to 3.4 cents/kWh 


: the lowest cost fossil option CSC - US Coal 


: $1.25 billion ($1989). 


: Technical Soundness 


: Most of the options employed in the five Cases : 
use conversion processes and environmental 
: controls with a proven track record in Ontario : 


: or other parts of the world. 
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Figure 15-55 Cost Differences Beyond 2014 Relative To Case 15 


1989 Present Value 
6 
® Case 23 
; M Case 22 
M@ Case 24 
M@ Case 26 


Billions of Dollars 
o3 


To 2014 To 2024 


To 2034 


To 2044 


Study Period 


However, as discussed below, there are tech- : 
nical soundness considerations associated with 
cost implications in the post 2014 period is 
to compare the life time costs of the base 
2 ' IGCC Option : 
The first phase of the IGCC option, gas or 
oil-fired CTUs, is used in all Cases to meet 
| ($1989). The levelized unit energy cost of | 


certain components in the five Cases. 


: phases to be added later, if required. The limited 
: is 3.9 to 4.2 cents/kWh ($1989). The present | 
value of a coal station is about 25% higher 
than an equivalent 4 x 88] MW CANDU nuclear 
station. Over its 40-year-life, one CANDU station 
put in service in 2010 represents savings of 


experience with 150 MW CTUs is discussed 


in the next section. 


cycle second phase are proven processes world- 
wide. The third phase, coal gasification, is 


: an established process, but has not been exten- 

: sively used commercially in the size called 
for in the Cases. 

Most Cases would be affected by limitations : 

that reduce the effectiveness of conversion 

to the full IGCC option. Case 23 would be | 


<Major Supply Pians - Chapter Fifteen> 
15 - 64 


less affected, because of its limited reliance 
on IGCC. In Cases 24 and 26, the IGCC option 
could replace base load coal options when it 
becomes more proven. : 


CTU Option 


' All Cases employ 150 MW CTUs, which were | 
peak requirements and to permit additional only recently introduced for commercial service. 
If their performance or availability does not 
meet requirements, the Cases could be modified 
' to use 60 to 90 MW CTUs, which have been ‘ 
The CTU first phase and the combined in commercial operation for several years. 
More units would be required and costs would 
. increase slightly, because some of the economies 
of scale would be lost. Again, Case 23 may be 


less affected, as it employs fewer CTUs. 


_ NO, Control 
Selective catalytic reduction (SCR) is the NO, : 
control proposed for new base load coal stations 
: in Cases 24 and 26, SCRs have been used in 


: 10 


i 2 


30 


35 
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Figure 15-56 Concept for Disposal of Nuclear Fuel Wastes 
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Source: Managing Canada's Nuclear Fuel Wastes, Atomic Energy of Canada Ltd., WWM-39-05-01, page 18 


Europe. SCRs have not been used commercially : 
: in North America. North American coals, have 
different characteristics than European coals. 
: As a result, it is uncertain how effective they 
will be and how frequently the catalyst will 
: need replacement - a major cost factor. 


The costs of Cases 24 and 26 would increase : 
if SCRs do not meet expectations. 
All Cases use CTUs. The NO, Control 
method assumed in Hydro’s cost estimates is : 
steam or water injection. Combustion mod- 


ifications and SCRs, now under development, : 
: may be more effective. 
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a. 


The cost difference between 


Case 26 and Case 15 
over the plan period is $832 
million; if the study 
period is extended to 2044, the 
cost difference increases 


to $3,044 million. 
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| Scrubbers for SO, Control 


_ All Cases employ scrubbers at some existing : 
' coal stations to control acid gas emissions; : 
: Cases 24 and 26 employ scrubbers at all new : 


: base load coal stations. 


Scrubbers have been proven worldwide. 
- Ontario Hydro will install its first scrubbers 


_ at Lambton in 1994. 


Scrubbers will play an important role in | 


all Cases, 


CSC Coal Unit Size 


Cases 24 and 26 employ 800 MW coal units. 
This unit size is used in the US, but is new 
to Ontario Hydro. If closer examination during 
' preliminary engineering shows that itis not : 
- suited to Hydro’s system, itwould be possible | 
to substitute, at additional cost, the 500 MW 
- coal unit, which is in wide use on Ontario 


Hydro’s system. 


<Providing the Balance of Power> 


Figure 15-57 Fuel Consumption 1989-2014 Median Forecast 
Uranium Consumption 
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Figure 15-57 Fuel Consumption 1989-2014 Median Forecast 
Oil Consumption 
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Figure 15-57 Fuel Consumption 1989-2014 Median Forecast 
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| Disposal of Radioactive Waste 
A radioactive waste disposal concept has been 
developed in Canada and in other countries 
: with commercial nuclear power programs. The 
concept features an underground repository 
_ deep in stable rock formations. The repository 
concept will accommodate the nuclear fuel 
: waste volume from all five Cases. 


The repository site, which will be subject , 


: to environmental review and assessment, has : 
: not been selected. 


The used fuel waste disposal concept, | 


Figure 15-56, is expected to go into service | 
after 2020. In the interim, Hydro plans to 
continue to store radioactive fuel in water 
filled bays or concrete containers at nuclear 
stations. 7 


Resource Preference 
Uranium is abundant and indigenous to Ontario 3 
and Saskatchewan. Coal is abundant and, as 
planned in the Cases, supplied from US sources. : 
Natural gas and oil are less abundant, but 
are indigenous to Western Canada. There are 
wide variations in fuel use under the median 
forecast. These differences are particularly 
pronounced for natural gas and oil use under 
the upper forecast. ; 


Fuel use under the median forecast is : 


- summarized in Figure 15-57. 


Resource Smoothing : 
CANDU is a Canadian concept. A smooth pro- 
gram (see element 2.3 in the Demand/ 
_ Supply Planning Strategy), retains the capability 
and lowers the cost as compared with a program 
with severe valleys and peaks. The fossil program 
is notso vulnerable, because it has a worldwide 
technology base. The Hydraulic Plan discussed 
- in Chapter 12 is also a smoothed program. . 
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| Figure 15-58 Total System Capacity and Energy Diversity 


by 2014 — Median Forecast 


Existing System 

(1993) 
Supply 1/S in Jan. 2014 GW % 
Hydraulic 6.5 19.8 
NUG-Purchases 0.3 0.9 
Man. Purchase 0.0 0.0 
Nuclear 14.2 43.0 
Fossil 11.8 36.3 
Total 32.8 100.0 
Existing system 

(1993) 
Supply I/S in Jan. 2014 TWh % 
Hydraulic 35.7 23.5 
NUG-Purchases 2.9 1.9 
Man. Purchases 0.0 0.0 
Nuclear 93.2 61.4 
Fossil 20.0 Ep 
Total 151.8 100.0 


Capacity Diversity 
Case 23 Case 22 Case 15 Case 24 Case 26 
GW % GW % GW % GW % GW % 
9.4 22.1 9.4 22.1 9.4 22.1 9.4 22.0 9.4 22.1 
1.5 3.5 15 3.5 1.5 3.5 1.5 3.5 15 3.5 
1.0 2.4 1.0 2.3 1.0 2.3 1.0 2.3 1.0 2.4 
25.3 59.7 21.8 51.2 20.1 47.2 16.5 38.8 11.2 26.5 
5.2 12.3 8.9 20.9 10.6 24.9 14.2 33.4 19.4 45.6 
42.4 100.0 42.6 100.0 42.6 100.0 42.6 100.0 42.5 100.0 
Energy Diversity 
Case 23 Case 22 Case 15 Case 24 Case 26 
TWh % TWh % TWh % TWh % TWh % | 
40.8 19.1 40.8 19.1 40.8 19.1 40.8 19.1 40.8 19.1 
10.3 4.8 10.3 4.8 10.3 4.8 10.3 4.8 10.3 4.8 | 
7.0 3.3 7.0 3.3 7.0 3.3 7.0 3.3 7.0 a2. 
155.2 727 1800 70.3 143.0 669 121.3 568 831 389] 
0.3 0.1 5.5 2:5 12.5 5.9 34.2 16.0 72.4 33.9 . 
213.6 100.0 «213.6. += 100.0» 213.6 = 100.0 «213.6 «= 100.0 213.6 = 100.0 | 


: This makes the development more economic 
- and, in particular, provides an orderly program 
- in Northern Ontario. 


Total System Diversity 


All Cases rely on a number of supply options. 
Figure 15-58 shows total system capacity 
and energy diversity, including the existing 
: system of 1993 and the resulting supply diversity 


: for the five Cases by 2014. Variations in diversity : 
: between Cases arise from the proportions of | 
: nuclear and fossil generation. 


Flexibility - Load Forecasts 
Flexibility is central to good planning because 
of uncertainties in capital costs, fuel prices, 
with many other contingencies as well, pro- : 
vided that they do not occur along with higher 


real interest rates, load forecast, load shapes, 
demand management and non-utility generation 


: yields, maintenance costs, equipment per- 
: formance and approvals for supply facilities. : 
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Uncertainty in load forecast has the most 
significant impact on electricity system plan- 
: ning. Therefore, much of the analysis presented 
in previous sections dealt with how Cases 
respond to different load forecasts. The flexi- 
bility built into Cases to cope with uncertainty 
in load forecast provides the ability to deal 


load forecast. 


i NS 


20 


5: 


5 i 
: Flexibility - Integrated Transmission 
: Network 
: The high voltage transmission network within 


Flexibility - Just-In-Time Commitments 
Completion of new supply facilities involves 
pre-engineering, external approvals and 
acquisition. Timely approvals and completion 
of pre-engineering reduce lead times and 
: increase flexibility. 


To maintain reliable and economic sup- 


: enough approvals and pre-engineering are : 
included in all Cases to meet the upper forecast. 
If the median or lower load forecast develop 
and the commitment is delayed, there is 
generally a small cost penalty. : 


: Flexibility - Acid Gas 
Flexibility to generate more electricity 
from coal and oil is crucial, because, in the 
short term, it is the only generation that 
can meet demand additional to forecast. : 
Generally, hydraulic and nuclear are fully used 
and hence are not able to meet unexpected 
. growth in load. 
All Cases, except Case 26 in the upper fore- 
cast, meet the acid gas limits and provide the 
capability to produce an additional nine TWh 
i per year without exceeding the limit. : with oil as a backup. 
» Flexibility - Export Opportunities 
If loads are lower than the median forecast, 
costs for Cases containing high capital cost, 
base load nuclear options can be mitigated. 
This is because nuclear energy can be exported 
: to neighbouring utilities in the US that employ 
@ higher variable cost (fueling) generation. 3 


: Ontario provides operating and planning : 
flexibility. For example, if fuel costs change 
: other option is feasible. 
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significantly or if demand changes significantly 3 
from forecast, then the preferred order of | 


station operation may be shifted. 


the limitations of the integrated network. 


. Flexibility - Staged Commitments 
E ply, even if demand is above median forecast, Committing large multi-unit stations in one 
block may increase cost risks under low load 
forecast. Flexibility can be increased by com- 
=) lexibility - Delays In Approvals 
Approval delays can have a significant impact 
This source of flexibility was not modelled 


mitting only two units of a multi-unit station 
at a time. 


in the analysis of Cases. The analysis also 
' excluded the possibility of delaying or cancelling | 
a station after construction had started. Thus 
the analysis of these Cases portrays costs and 
financial impacts that may be higher than if 
: staged commitments are made. 


spread out. To realize this flexibility, the com- 
: Flexibility - Higher Fuel Prices 


bustion turbines must be placed on sites suitable 


for a coal-fueled IGCC station and approvals 
: larger extent than Cases 15, 22, and 23. They | 
: are, therefore, more vulnerable to fossil fuel : 


must be sought to allow use of coal or gas, 


' Flexibility - Short Lead-Time Options 


Short lead-time options are required to respond 


expected loads and generating station problems. 


CTUs provide capacity in a short time, par- : 
ticularly if installed at existing fossil stations. 
: CTUs convertible to CC ina short time mitigate 
: energy costs. 


: bustion turbines at existing generating sites. 
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Flexibility - Tighter Air Emission 
Regulations 


Cases 26 and 24 have less flexibility to meet 
All Cases are designed to perform within : 


tighter acid gas emission regulations, because : 


: they produce amounts close to the current : 
: limit. They exceed the COg illustrative target. | 


Cases 15, 22, 23 have some flexibility : 
to meet tighter air emission regulations, | 
particularly Cases 22 and 23. 


on Cases which have high reliance on one 
generation type, i.e., Cases 23 and 26. 

Cases 15, 22 and 24 are less vulnerable to 
approval delays because they contain a mix 
of major supply options. Case 24 is least vul- 
nerable to the impact of approval delays because : 


: it has both nuclear and fossil in preparatory | 
Some options, such as the phased installation : 
of IGCC stations, allow commitments to be : 


stages — if one is delayed, the other can fill : 
the need. 


Cases 24 and 26 rely on coal and gas to a 


: price increases. 


All Cases retain the flexibility to convert 


the first phases of IGCC to either combined 
to immediate needs arising from higher than : 


cycle to increase efficiency or to coal, if gas : 


: prices increase significantly. 


Increases in uranium prices have low im- : 
pact on the cost of nuclear generated electricity, : 


: ie. doubling the uranium cost increases the : 
' cost of nuclear generated electricity by about : 
All Cases include the installation of com- | 


3 to 4%. Increases in coal price have a high : 


impact on the cost of base load coal generation, 
Because space limitation precludes conversion 
to combined cycle or IGCG, these CTUs are i 
reserved for meeting requirements when no | 


e.g., doubling coal costs increases the cost 
of coal generated electricity by about 22%. : 


Historically, coal prices have been relatively 
stable, a trend that is expected to continue. 
Oil and natural gas prices are higher than 
coal prices and are subject to more uncertainty 
Disadvantages 
¢ Higher 25-year plan cost than Cases 15, 22, 
and 24. The expected cost of Case 26 is 
: Relative to Cases 24 and 26, Cases 15, 22 and } 
23, have greater use of high capital cost nuclear 
stations. Asa result, they are more vulnerable 


: in the long term. 


: Flexibility - Higher Interest Rates 


' to increases in interest rates, Cases 24 and : 
: 26 are less vulnerable, because they make greater 
¢ Meets current acid gas limits of 215 Gg, but 
does not provide a nine TWh margin under 
upper forecast (Figure 15-30). 
¢ Under upper, median and lower load, 
Case 26 exceeds illustrative CO, targets of 
¢ Highest 25-year plan cost. The expected cost 
of Case 23 is $2,097 million (1989 present 
: value) higher than Case 15 (Figure 15-51). 
Costs beyond the study period are $5,074 million 
| higher than Case 15 (Figure 15-55). 
* Highest public concern regarding nuclear 
: safety and radioactive waste disposal. 


: use of lower capital cost fossil stations. 


| SELECTION OF CANDIDATE MAJOR 
: SUPPLY PLANS 


The five Cases presented in this chapter perform 
well in terms of reliability, safety and technical 
soundness. The remainder of this discussion 
presents the main advantages and disadvan- 
tages of each Case, and Hydro’s judgement 
: tighter acid gas regulations or COs regulations. 
¢ Has the lowest Ontario goods and services 
content and the lowest Canadian content. 
¢ Poor balance of trade relative to other Cases. 
¢ Vulnerable to approval delays. : 


: on their acceptability. 
: Case 26 


| Advantages 


¢ Ithas the lowest impact on electricity prices 
from 2000 to 2009 and the lowest net borrowings 
over the plan period (Figures 15-52, 15-53). 
¢ It has a more equal mix of fossil and nuclear 
energy, when the whole system is considered 
| (Figure 15-58). Fossil energy will provide 34% 


i of the electrical energy, and nuclear 39%. 
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¢ There are public concerns about nuclear 


Case 26 features no new nuclear stations. 


Case 15. There is a 97% probability of Case 


(Figure 15-55). 


24 Tg per year (Figure 15-36). Average annual 


CQg emissions from 2010 to 2014 are: 
Lower forecast - 35 Tg per year 
Median forecast - 60 Tg per year 
Upper forecast - 75 Tg per year 


¢ Does not have the flexibility to respond to : 


Conclusion 
Case 26 is judged to be unacceptable, because 


of high costs, environmental effects of heavy 
reliance on fossil generation, and vulnerability 
: to 72% in 2014. Fossil energy declines to less 
: than 1% (Figure 15-58). : 
2 Although Ontario’s nuclear facilities have 


to approval delays. 
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' Case 23 
safety and radioactive waste disposal. 

| Advantages 
¢ Lowest acid gas and COs emissions. Meets | 
current acid gas regulations and illustrative 7 


CO, target (Figure 15-36). 


¢ High flexibility to adapt to tighter air emission 
$857 million (1989 present value) more than 


requirements (Figure 15-30). 


' @ Highest Ontario and Canadian goods and : 
26 being higher cost than Case 15. Costs to : 
2044 are $3,044 million higher than Case 15 : 


services content. 
¢ The most favourable balance of trade. 


* Responds to ongoing public concern about 
acid gas emissions and emerging public con- 
cern about the contribution of COs, to the 
: greenhouse effect. : 


Disadvantages 


¢ Vulnerable to approval delays. 


' © Highest impact on net borrowing from 
1993-2001 period and highest impact on 
‘ electricity prices from 1997 to 2009 : 
: (Figures 15-52, 15-53). 
¢ Too much reliance on one option, in this 
Case, the nuclear option. Nuclear capacity 
increases from 43% in 1993 to 60% in 2014, 
nuclear energy increases from 61% in 1993 


: operated reliably, it is beneficial to maintain : 
: reasonable diversity in generation type. 


: Conclusion 
Case 23 is unacceptable, because of high costs, : 
heavy reliance on one option, and vulnerability 
to approval delays. 7 


| Cases 15, 22 & 24 - Acceptable 
Overall, Cases 15, 22, & 24 are judged to better 
satisfy the planning criteria, with particular 
strengths in the following areas: 
* long-term cost, borrowing and electricity 
prices; 
* acid gas emissions; 

* acid gas flexibility; 

¢ CO, emissions; 

* radioactivity; 

¢ Ontario/Canadian content; 
* balance of trade; and 

* diversity. 

: Accordingly, alternative Cases 15, 22 
and 24 are acceptable as Candidate Major 
Supply Plans. 


SELECTION OF THE PROPOSED MAJOR 
2 SUPPLY PLAN 

: None of the three Candidate Major Supply 
Plans is best in all respects. The following : 
compares the three Candidate Major Supply 
: Plans and identifies the Major Supply Plan 
proposed by Ontario Hydro. 

25-year Plan Costs: Plan 15 has the lowest 
25-year plan cost. The present value expected 
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- cost of Candidate Plan 22 is $365 Million higher. 


Candidate Plan 24 is $187 Million higher 
(Figure 15-51). 


$712 Million higher (Figure 15-55). 


acid gas emissions. Plan 15 has the next lowest, 
: Plan 24 has the highest. Under median load, 
from 2010 to 2014, annual average emissions 
for Plan 22 are 90 Gg; Plan 15, 135 Gg; and 
' Plan 24, 150 Gg (Figure 15-30). The flexibility | 
to meet tighter regulations is highest for 


Plan 22, lowest for Plan 24. 


CO, Emissions: The illustrative target con- 
sidered by the Canadian ministers, 80% of : 
1988 levels, corresponds to 24 Tg per year 
for Ontario Hydro by 2005. Plan 22 has the 
lowest CO, emissions. It meets the illustrative 
target under lower and median load forecasts 
and almost meets the target under the upper 
forecast. Plan 15 meets the target under lower 
and median forecasts, and, except from 2005 
to 2009, meets the upper. Plan 24 does not 
meet the illustrative target under median and : 


upper load forecasts. 
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Plan 15, Plan 24 has least favourable balance 
_.of trade, about $300 million (1989 present | 
value) less than Plan 15. 3 
Costs beyond 2014: Plan 15 has the lowest : 
long-term cost. The present value costs of Plan 
:-22 is $938 Million higher, and Plan 24 is 


Radioactivity concerns: One dimension of : 
social acceptance is an ongoing public concern 


with respect to reactor safety and radioactive 
waste disposal. Plan 22 has the most new nuclear 
Electricity Price and Borrowings: Plan 24 has 
the lowest electricity prices from 2000 to 2009 
and lowest net borrowings from 2003 to 2007. | 
: In the longer term, electricity prices for ‘ 
Plan 15 will be lower (Figure 15-52, 15-53). 
: Acid Gas Emissions: Plan 22 has the lowest 


stations, Plan 24 has the least. 

Diversity: There are no major changes in 
diversity between the existing system and the 
future system with any of the three Plans. : 

Resource Smoothing: Under median and upper 
forecasts, Plans 15, 22 and 24 acceptably 
maintain the capability to design, manufacture, 
construct and operate nuclear and fossil 
generation. Under the lower load forecast, 7 


there is a significant interruption in the nu- : 


clear program, which would adversely affect 
maintaining the CANDU option. 

Approval Delays: Plan 24 is less vulnerable 
to the impact of approval delays than the 
other Plans. 


Conclusion 
Considering all of the above comparisons, : 
Candidate Major Supply Plan 15 is selected 3 
the Proposed Major Supply Plan. It is judged 
to be the best plan, because it offers good 
environmental characteristics, good diversity, 
good flexibility and is the lowest cost. 

Alternative Major Supply Plan 22 (Higher | 


| Nuclear) and Alternative Major Supply | 
Balance of Trade: In the longer term (2040), : 
Plan 22 has the most favourable balance of 
trade, $1 Billion (1989 present value) over | 


Plan 24 (Higher Fossil) are acceptable : 
alternative plans. 
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16 AVOIDED Cost DETERMINATION 


This Chapter shows how avoided costs are determined and 
provides examples of the avoided costs 
associated with the three candidate Major Supply Plans 


developed.in Chapter 15. 


' Chapter 6 describes costing concepts Ontario ; 
Hydro uses including avoided cost. Avoided 
costs are the supply costs avoided when any 
demand or supply option is substituted for 
an equivalent part of ademand/supply plan. 
The avoided cost concept described in Chapter 6 
is applied in this Chapter. | and intermediate size options. System : 
For each demand or supply option, the 
avoided cost can be estimated to determine 
if the option is economic. The avoided cost 
estimate varies with each specific proposal. 
| For example, a NUG proposal for 80% 
base load application will have a much lower 
avoided cost expressed in cents per kWh 
_ than a NUG proposal for 10% peak load | 
application. : determined for each proposal. 
The Demand Management Plan, the NUG , 
Plan, and the Hydraulic Plan, depend upon 
_ avoided cost. An option is economic if the 
cost of the proposed option is equal to or 
less than the avoided cost. Also,Major Supply 
: Plans depend uponthe contribution from the 3 
Demand Management, NUG and Hydraulic : 
; Plans. All of these plans are brought together 
- Simplified Avoided Cost Method 


7 when developing demand/supply plans. 
The cheapest supply option to meet low capacity 


Hydro also uses avoided cost estimates 
to determine whether or not proposed : 
modifications to the existing system are eco- 
: nomic, The topics discussed in this Chapter 
include the following: : 


¢ A simplified method based on LUEC estimates : 


— to determine approximate avoided costs. 


¢ A full simulation method - to determine ; 


avoided costs more accurately is described. 


* A system incremental cost method -a practical : 
way to determine avoided costs for manysmall : 


Incremental Costs include credits and adjust- : 
ments for factors such as reliability, transmission, 


and acid gas control. 


¢ The sensitivity of System Incremental Costs : 
to variation in factors such as load growth, : 
candidate plans, fossil estimates, and nuclear : 


estimates, 


¢ Avoided costs are specific - they must be : 


¢ Examples of avoided costs - for Demand 
Management, NUGs, and Hydraulic Generation : 
showing how avoided costs vary for time period, 
capacity factor, dispatchability, and the ; 


Candidate Plans. 


¢ The feedback of avoided costs to the Demand : 


Management, NUG and Hydraulic Plans. 


factor load is gas-fueled Combustion Turbine 
Units. The avoided cost of such low capacity 
factor generation includes capital, OM&A, 
"and fueling costs. For intermediate capacity | 
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factor loads, say between 20 and 50%, the : 
least cost supply option, with a well balanced 
generation mix, is coal-fueled generation. The 
avoided cost again consists of the capital, OM&A, 
and fueling costs, including the cost of acid 
gas emission controls. For high capacity factor 
loads, the least cost supply option is new nuclear 
generation. These conclusions are based on 
the LUEC estimates presented in Chapter 14. 
: Figure 16-1 shows the LUEC estimates in 
cents per kWh for Combustion Turbine Units, 
: new CSC coal-fueled stations and new nuclear 
stations. It shows the dependency of the LUEC 
estimates on capacity factor. It shows that the 
least cost supply option for low capacity factor 
is gas-fueled Combustion Turbine Units, and 
that for high capacity factor, the least cost 


: supply option is nuclear. 


This simplified method of determining | 
avoided costs is only good for stations with 
: complete dispatch and for a system with an 
optimal mix of base, intermediate and peaking 
generation. With areal system and with many 
of the options there are complicating factors. 


: Consider the following three examples. 


: A low capacity factor NUG option can be : 
purchased in place of planned peaking CTUs. 
: If the NUG is dispatchable it can be used to 
meet peak loads as needed. If, however, the 
NUG is not dispatchable and operates randomly 
: through the year, itwill not havea full capacity : 
value and can only be credited with displacing | 


the average fuel mix. 


: The second example relates to Demand : 
: Management. Increases in the efficiency of : 
: air-conditioning facilities reduces load only : 


: during the summer. Generation capacity require- 
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Figure 16-1 LUEC Versus ACF \n-Service Year 2002 


LUEC 1989 ¢/KWh 


Gas CTU 
Coal with SCR 


Nuclear 


Annual Capacity Factor (%} 


ments are dictated by winter peak loads, so : : 
: A more rigourous method of determining : 


such improvements can’t be credited with capac- 


ity savings but can be credited with fuel and 
: This involves calculation of the total cost of 


operating savings. 

The third example relates to time constraints. 
Let us assume there isa load growth well above 
the median forecast. In the short term, there 


cost supply option (e.g., nuclear for base load). 
options until nuclear can be built. 


Because of these and other complicating 
factors, the simplified LUEC method cannot 


be used in all cases. A more rigorous method 
is needed to ensure fairness and consistency 
: in evaluating options. However, the LUEC sim- : 
plified method provides a useful check for 3 
the results of the full simulation and system 
incremental cost methods. 
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Full Simulation - Avoided Cost Method 


avoided costs is the full simulation process. : 


a candidate demand/supply plan including 
its impact on the existing system. Total system 
simulations are performed, including the system 
may be insufficient time to install the lowest 
the plan, appropriately allocated to the study 
This will increase the avoided cost. A high 
capacity factor NUG may avoid higher cost 


expansion life cycle costs of all elements of 


period as described in Chapter 6. 


Next, the total cost of the plan under alter- 
nate assumptions is determined. An example 
is the economics of a proposed NUG option 
which would have an installed capacity of 
500 MW and an annual capacity factor of 
80%. The candidate plan would be modified : 
to include the proposed option. The cost 
of the modified supply plan (excluding 
: the cost of the proposed NUG option) is 


35 


20: 


8 


: lower because Hydro can reduce operations : 
: at existing facilities and reduce the amount 
: of new capacity additions. : 
: The difference in cost between the original : 
_ candidate plan (without the proposed NUG | 
option) and the modified plan (incorporating | 
: the option but excluding the cost of the NUG) 
| is the avoided cost of the NUG option. This | 
: has to be compared to the cost of purchasing | 
: the power and energy from the NUG facility. 
: If the avoided cost is greater than the cost of : 
: purchasing the output of the NUG option the : 
NUG is economic. into two components. The first, incremental 2 
- System Incremental Costs 
' Given the large number of demand manage- : 
: ment, NUG, hydraulic and other options to : 
be evaluated, the full system simulation method 
would be too expensive and too slow. The 3 
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system incremental cost method provides accept- 
able, accurate results with manageable effort. 

This method is usually used for small and 
intermediate options. The use of system incre- : 
mental costs improves the accuracy and stability 3 
of avoided cost calculations. The effect ofeach : 


' small change is hard to identify in a big system. 


However, the incremental costs credit each 
small change, assuming that many small changes : 


will, in total, avoid the need for a major 


generating station. ; 
System incremental costs are usually divided 


: energy costs, are all the extracosts, including 
' operating and fueling costs, that the power : 


system incurs when it has to meet an increased 
energy demand. The second component, incre- 3 
mental power costs, are defined as the net : 
cost of new capacity, or the cost to return : 


Avoided cost methodology helps determine whether efficiency 


improvements in home or industry are cost effective. 
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Figure 16-2 Cost of Incremental Energy 
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mothballed capacity to service, to meet increased 
peak power demand. Itis the cost of meeting 
an increase in load at the time of peak demand, 
' but at no other time. 
!  Afew computer simulations of the full system, 


| enough to establish system incremental costs 


summer peak and summer off-peak. The avoided 


cost of a particular option can be readily deter- : 
: mined by combining the individual components 
of system incremental costs for power and : 
: energy applicable to that option. 
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: of power and energy. The incremental power : Incremental Energy Costs 
and energy costs are determined for each year 
of the 25 year study period. Incremental energy 
: costs are determined for four time periods 
- in each year - winter peak, winter off-peak, 
with and without demand and supply plan 
changes, give considerable information - 


Incremental Energy Costs - 
Components and Factors 
Figure 16-2 shows the components and factors 


: 15 


= 
: thatgo into the estimate of incremental energy : 
costs. These are discussed below. All costsare | 
expressed in 1989 dollars. 


20 


2 


| Incremental Energy Cost - Fuel 
Four primary energy forms are expected to 
supply incremental energy. They are uranium, 
coal, gas and oil. Water, while used for gen- 
eration, is not expected to be incremental : 
energy. It will be fully used. 
¢ Incremental uranium fuel costs, inclu- 
ding fuel fabrication, are forecast to be 
: $100 per kg (U) in 1989, $121 in 2000 and : 
| $141 in 2014. Adding irradiated fuel storage : 
and disposal costs results in a total unit fueling : 
: cost of 0.34 cents per kWh in 2000. 
* Most oil used is residual oil and burned at 
the Lennox station. Residual oil price is fore- 
cast to increase from $4.05 per GJ in 1989 to 
: $6.26 per GJ in 2014. The Lennox station | 
is forecast to have a unit fueling cost of 
_ 6.10 cents per kWh in 2000. 
¢ Natural gas prices are currently $2.97 per GJ. 
' They are forecast to rise to $4.5 per GJ by | 
| 2000 and $5.38 per GJ by 2014. The resulting 
3 unit energy costs for gas-fueled CTUs is : 
5.5 cents per kWh in 2000. 
¢ In 1989, incremental coal for CSC stations 
with scrubbers costs $1.73 per GJ based on : 
2% sulphur U.S. coal. It is forecast to remain 
at about this level, resulting in fueling costs 
of around 1.76 cents per kWh in 2000. 


: Incremental Energy Cost - OM@A 
: In addition to the cost of fuel, there : 


: are operating, maintenance and administra- 


: genera-ting stations. 


The OM&A costs for existing fossil stations 


have fixed and variable components. 
The variable OM&A for existing coal stations 
is 0.11 cents per kWh. This, when combined 
: with the fuel cost, results in a unit energy 
: cost of 1.87 cents per kWh in 2000. 
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The fixed OM&A for existing fossil stations 
and all OM&A for other stations including 
new fossil stations is included in the incremental 
power costs. 


| Incremental Energy Cost - Acid Gas 


Ontario Hydro must limit its acid gas emissions : 
to 215 Gg per year. For increased production 


' of energy from fossil stations, the plan provides 


that this limit is never exceeded. The system 
incremental cost of power and energy includes : 


the cost of sufficient acid gas controls tocom- : 


pletely eliminate additional acid gas emissions: 
due to the additional electricity produced. 
The acid gas is limited by scrubbers, lower 
sulphur fuels, modifications and non-fossil 
generation. 

Capital, fueling and operating costs for 


acid gas reduction add about 0.56 cents per 


kWh to the cost of coal generated electricity 


: in the mid to late 1990s. For new CSC coal- : 


fueled generating stations, these costs are : 


: included in the incremental power costs. 


Incremental Energy Cost - Exports 


: Generally, Ontario Hydro does not consider : 


exports in its long term planning. However, : 


: most of the time that surplus nuclear and : 
i hydraulic energy is available, it will be possible : 
: to sell it on a short term, interruptible basis : 


to US utilities to displace fossil fueled generation. | 


If this energy is used instead to supply an : 
: tion costs (OM&A) involved in running / 


increase in Ontario load, the sale to the US : 


will be reduced and the value of the energy 
: will be the lost revenue from the sale. The : 
i effect is to increase avoided cost. 


The “value” of uranium-generated elec- 
tricity increases from 0.3 cents per kWh to | 
around 0.8 cents per kWh. The 0.8 figure : 


: assumes that notall of the surplus energy can : 
: be exported. : 
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: Incremental Energy Costs - 
Transmission and Distribution 

System incremental energy costs are at the 
generator level. Some options, including 


: demand management options, reduce } 


: transmission and distribution losses. 


Transmission and distribution losses vary : 


; between 5 and 10% depending on location, 
and increase the avoided energy costs. 


: Incremental Energy Costs - Derivation 


: Incremental energy costs are determined by : 


: comparing the total system operating costs 


: demand is increased by about 1% (200 MW) 
in the analysis of the plans. The supply program 
is left unchanged. The demand increment is 
constant year round, The total costs in each 


i case are determined by computer simulations. | 


: The impacts in different years and in different 


: and for the year and time period. 


: demand periods, the costs are higher because 


Hydro must utilize more expensive generation 
: to meet customers’ demands. Hydro’s incre- : 
i mental energy costs are therefore dependent : 


: on the timing of the change the proposed 


: management program makes it possible for 


i peak demand periods, its value to the system 


will be higher than a project only capable of 
meeting electricity demands in off-peak periods. 
Incremental energy costs are derived for 
each year of the study period. Within each 7 
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year, four time periods are used. The winter 
peak period, 7 a.m. to 11 p.m. of working | 
week days in the months October to March; 
the winter off-peak period; a summer peak 
: period, 7 a.m. to 11 p.m. on working weekdays 
: in the remaining months; and a summer off. : 
peak period. These periods correspond to dif- 
: ferent operating levels and costs. They are 
also used for Time-of-Use rate periods. 
: Figure 16-3 shows the variation in the system 
incremental fuel mix for the four periods and 
the average over the year. The charts assume 
: that there are no exports. Each bar on the 
: of a base plan, with the same plan when the annual figure is divided into three segments. 
The lowest segment indicates the proportion 
of time that there is unutilized nuclear 
generation and additional load will be met 
by increased use of nuclear planti.e., nuclear 
ison the margin. The middle segment shows : 
the proportion of time that coal is on the 
: times of the year are determined. The difference | 3 
in costs, expressed in cents per kWh, is the 
system incremental energy cost for the plan, 
: ' gin 11% of the time, and almost all of | 
As explained in Chapter 6, the cost of pro- 
ducing electricity varies with the time of day 
and year. During winter and summer peak 


margin. The top segment shows the proportion : 
of time that oil and gas are on the margin. : 
In the year 2000, nuclear is on the mar- : 


the remaining time, coal is on the margin, 
Nuclear is on the margin about 15% on ‘ 
average through the study period. Oil and 
gas noticeably increase after 2008. 
| The system incremental energy costs are 
derived by taking the incremental mix of fuels 
and their costs, as illustrated in Figure 16~4. 
: Using the year 2000 as an example, the com- 
: option makes in Hydro’s own operations. If 
a non-utility generation project or demand 


ponents of the four incremental fuel types, 
the total energy cost, and the proportion of 
time each is incremental in the year is shown. 
: Hydro to reduce its own operations during 


: 35 
The contribution of coal to the average 
: incremental cost is determined by taking the 
unit cost of coal fuel of 1.9 cents/kWh and 
adding the scrubber adder of 0.6 cents/kWh 
to account for acid gas control costs. The total 
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Figure 16-4 Determination of average incremental cost year round load, 2000, median load growth 


Incremental Contribution 
energy te average 
production Cost Incremental = Incremental 
from (¢/kWh) (fuel mix %) ¢/kWh 
unit adj for scrubber 
cost exports adder Total 
Coal Lg N/A 0.6 2.5 89 2.2 
Oil 6.1 N/A 0.0 6.1 0 0.0 
Gas (CTU) 5.5 N/A 0.0 5.5 0 0.0 
Nuclear 0.3 0.5 0.0 0.8 8 0.1 
Average incremental cost (¢\kWh) 2.3 


- cost of 2.5 cents/kWh is multiplied by 0.89 : 
to account for the 89% probability of coal 
_ being on the margin. Oil and gas contribute 
a negligible proportion to incremental fuel 
- mixin 2000 while nuclear costs including the 
- cost of exports contribute 0,1 cents/kWh based 
The capacity costs of new coal and gas-fueled 


- on a total cost of 0.8 cents/kWh and being 
_ on the margin 11% of the time. 


' Incremental Power Cost 


| Incremental Power Cost - 
Components and Factors 


Incremental power costs are the net costs 
_ of new capacity, or the costs to return moth- 
: balled capacity to service, to meet increased 
» demand. Incremental power costs are the costs 
_ of meeting an increase in load at the time of : 
: ' control facilities, is $166 per kW per year. 
_ Incremental power costs are seldom used 

in isolation ~ they are combined with incre- 
_ mental energy costs to evaluate options which 


. annual peak demand, but at no other time. 


save both power and energy. Figure 16-5 shows : 
the components and factors that go into the. : 


estimate of incremental power costs. 


Incremental Power Cost - 
Gross Capacity 


: stations include: 

¢ design, construction and training; 

: © scrubbers and/or other environmental control 

: facilities; 

* capacity-related OM&A costs; and, 

* transmission incorporation costs. 
The gross capacity cost of additional com- 

bustion turbine units is $49 per kW per year 


based on the first phase of an IGCC. 


The gross capacity cost of an additional : 


CSC coal-fueled station, including acid gas 


The gross capacity costs for nuclear : 


generation include: 
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° design, construction & training, 
* heavy water, 

* provision for decommissioning, 

* provision for retubing, 

° capacity-related OM&A costs; and 
* transmission incorporation costs. 
The gross capacity cost of additional nuclear 
plant is $205 per kW per year. 


| Incremental Power Costs - 
: Net Capacity 
Adding generation to meet an increase in | 
demand alters the generation mix and usually 
lowers the cost of meeting energy requirements. 
There is a reduction for CSC coal-fueled units 
and a larger reduction for CANDU nuclear 
units. However, there is no reduction for 
‘combustion turbine units. 

The net capacity cost is the gross capacity 
costs less the credit for reduced energy costs. 

The energy credit depends on details of 
the plan and varies from year to year. That 
it can be substantial can be seen from the 2 
following example. A CANDU station with a 
fueling cost of 0.3 cents/kWh saves 
2.2 cents/kWh when it displaces coal-fueled 
| CSC energy at 2.5 cents/kWh. At80% annual | 
capacity factor, this energy credit is equal to 
a reduction in capacity cost of $155 per kW 
per year. 3 
Allowing for the energy credit the gross : 
capacity cost of nuclear (new site) is reduced 
from $205 per kW per year to a net cost of | 
: $50 per kW per year. 
| Fora plan with the lowest cost mix of ; 
generation types, the cost of capacity net of 
energy savings should be equal for all options 


that are in the plan. 


: The proposed major supply plan does not 
: include new coal-fueled stations in the study : 
: period. 


v3) 


35 
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Figure 16-5 Cost of Incremental Power 


=== 


= Capacity ‘mix — 


i 


emental fuel mix | 


' Incremental Power Cost - 

| Reliability Reserve 

Additional generating capacity is needed to 
provide a reserve margin to maintain reliability, 
When modifying the plan in response to a 
change in demand, this is allowed for. 


: Incremental Power Cost - Transmission 
: and Distribution 
: System incremental power costs are at the | 


: generator level. For options that reduce : 


customer loads allowance must be made for 


transmission. 


Distribution facilities are also required to 
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“Station life | 


: on the location of the increase in demand, : 
: Ontario Hydro ora municipal utility will need 


to advance facilities. 
On average, distribution avoided costs are : 


a levelized $20/kW per year. 
the costs of building and maintaining the 
: The incremental cost of power is multiplied 
by 1.24 to reflect the need for 24% reserve. 
: per year. 


Losses in the transmission and distribution 


facilities also have to be allowed for. 
Bulk transmission costs add $ 19 per kW : 


Losses vary between 5% to 10% depending 


: on the delivery point and increase the : 
: incremental power costs. 
: meetincreasesin custamer demand. Depending : 


rh 


The avoided costs of options 
implemented in the 
next decade are not sensitive 
to which candidate plan 


is used. 


Incremental Power Cost - 
| Short Term Considerations 


Demand management, non-utility generation : 

and, hydraulic options meet capacity require- : 
"ments during most of the 90s, and no fossil ; 
' and nuclear generation is planned to come 3 
into service under the median forecast. However, : 
without these options additional supply capacity : 
would be required. For this reason, all of the | 
planned demand management, non-utility gen- 3 
eration and hydraulic generation is credited | 


' with a capacity value. 


Incremental Power Costs - Derivation 


Incremental Power Costs are determined by : 
comparing the total system costs of a base 3 
plan and the same plan with about a one percent 3 
increase (200 MW) in the load meeting capability 
: while keeping the demand constant. Computer : 
simulations are necessary to derive the net 3 


- Capacity costs. 
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Hydro's Richview control centre. The value 


of a non-utility generation source is higher if it 


can produce power when needed. 
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1989 $/KWh 
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Figure 16-6 Expected Incremental Power & Energy Costs of Proposed Plan* 
Incremental Cost of Energy 


1990 1994 1996 2002 2006 
Year 


*Exclude distribution and non-generation related transmission costs, 
as well as transmission and distribution losses. 


Figure 16-6 Expected Incremental Power & Energy Costs of Proposed Plan* 


Incremental Cost of Power 


1990 1994 1996 2002 2006 
Year 


“Exclude distribution and non-generation related transmission costs, 
as Well as transmission and distribution losses. 


2010 


2010 


2014 


2014 


Winter Peak : a. 


Summer Peak 


Winter Off-Peak ; ate 
Avoided costs are sensitive 


Summer 
Off-Peak : to load forecast. 
| System Incremental Costs - Expected 
: Figure 16-6 shows expected incremental costs : 


for the proposed major supply plan, for each 
"year 1990 to 2014. They are “expected” in | 
the sense that the system incremental costs 
: are calculated for the upper, median and lower : 
: load forecasts, and the results have been 
: weighted by factors of 0.2, 0.6, and 0.2 respec- 
: tively. These proportions assume that the upper : 
| load forecast which is at the 90% point on 
| the probability distribution (i.e., has a 10% | 
: chance of being exceeded) is representative 
| of all loads between the 80% and 100% points 
: on the distribution. Similarly the lower load : 
- forecast is at the 10% point and is considered 
representative of the 0 to 20% range. The — 
: median is considered representative of the ; 
remaining 60%. Prior to the need date for 3 
major supply, the incremental power costs : 
include an allowance for capacity based on 3 
; CTUs, and incorporating transmission. These : 
costs are for changes in demand at the gen- 
eration level, and exclude costs associated 
: with distribution and bulk transmission. The : 
3 effect of losses and transmission and distribution 3 
: costs has to be added as appropriate. As pre- 
viously stated, these system incremental costs 
only apply for small and intermediate changes. 2 
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1989 ¢/KWh 


1989 ¢/KWh 
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Figure 16-7 Sensitivity of Avoided Cost to Candidate Plan 
Increment Cost of Power and Energy at 100% ACF 


1990 


1994 


1998 2002 2006 2010 2014 


Year 


Figure 16-8 Sensitivity of Avoided Cost to Load Growth 


1990 


1994 


Incremental Cost of Power and Energy at 100% ACF 


Proposed Plan 
100% ACF 


1998 2002 2006 2010 2014 


Year 
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Plan 15 
Plan 22 


Plan 24 


Upper 


Median 


Lower 


For years beyond the study period, the 
i average of the last five years is used. 


: Avoided Cost Sensitivity 


| Avoided Cost Sensitivity - 

: Alternative Candidate Plans 
The system incremental cost method can be 
used to calculate avoided costs for a specific 
: option for a specified plan. An analysis has 
been done to determine the sensitivity of avoided 
costs for the three Candidate Demand/Supply 
Plans. The example selected is a constant year- : 
round demand increment (100% ACF), 
: Figure 16-7. There is no difference up to | 
2000. Beyond this, the differences grow 
to 25% by 2014. : 


Avoided Cost Sensitivity - 
: Load Forecast 
Figure 16-8 shows the system incremental costs 
for a constant demand, year by year for the 
period 1990 to 2014, for the Proposed Major 
Supply Plan under upper, median and lower 
load forecasts. The costs are higher for the 
upper forecast, and lower for the lower forecast. 
The maximum difference is about 25% around 
the year 2000, Thereafter the costs converge 
to acommon long term value as Hydro adjusts 
to the actual load growth. 3 
Avoided costs are sensitive to load forecast 
until system development can be adjusted to 
accommodate the actual load growth trend. 


Avoided Cost Sensitivity - 
: Supply Option Estimates 
System incremental costs, as well as being sen- 
sitive to load forecast and plan, are also sensitive 
to the cost of the supply options themselves. 
Ontario Hydro developed median estimates 
for the CANDU and fossil generation options 


v1.) 


20° : 


2: 


, together with a confidence band for the accuracy : 
- of the estimates. The typical confidence band : 
was +20% to-15% of the median cost estimate, 
: with an 80% chance that the costs will fall : 
between these values. The avoided costs vary 
: directly with the cost estimates for the major 2 
: supply options. 2 


Specific Options - 

: Avoided Cost Determination : 
3 In determining avoided costs of options, 
: Hydro uses system simulations or system incre- : 
mental costs as appropriate. Hydro also looks : 
at the specific and general transmission and ; 
: distribution impacts. 3 
: Each demand management and non- 
; utility generation project will have a different : 
: impact upon the electricity system. : 
| For example, an insulation program for : 
electrically heated homes may enable Hydro 
: to reduce power production during winter : 
: months. The system cost savings from this 3 
' type of demand management program : 
"are more than from a program that is only 2 
capable of reducing power consumption : 
3 during summer periods, such as higher : 
: efficiency air-conditioning. 
: Using system incremental costs, the value 
3 of a program’s energy savings are determined : 
: by multiplying the amount of energy saved : 
: in each of the four demand periods by : 
- the corresponding period’s incremental : 
' energy cost. : 
In addition, if a program reduces load : 
3 during the winter peak period, the program 
: is assigned credit for Hydro’s full incremental 3 
3 power costs. | 
| The energy savings of the program are : 
combined with the program’s power savings 
to determine the total avoided costs. , 


<Providing the Balance of Power> 


Eh 


The construction costs of new station is a key 


component in determining avoided costs. 
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he 


The avoided cost of 
NUG options implemented in 
the 20, decade are 
not very sensitive to which 


Candidate Plan is used. 
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The lifecycle avoided costs can then : 
. be compared (on a present value basis) with 
the total cost of the insulation program. 
: If the program’s costs are less than the ; 
_ avoided costs, the program is considered : 
- economic for Ontario Hydro and its custo- 
_ mers. This is the Total Customer Cost test : 
: to the need date for capacity (CTUs), and 
: transmission. 


- that is described in Chapter 6. 


- Avoided Cost Examples 
: This section presents illustrative avoided costs 
for some assumed NUG projects. 


In practice every individual option requires 
: a project specific evaluation which considers 
' the individual characteristics of the option. : 
This section will show the impact of different : 
: assumptions on three parameters, energy pro- 
duction as characterized by annual capacity 


- factor, timing and dispatchability. 

In addition, avoided costs examples are 
_ given for demand management and hydraulic 
- generation. 
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Cogeneration for wood products 


The avoided costs quoted are based on : 


the weighted average of the results from the 
upper, median and lower load forecast. They 
are all in 1989 dollars. 


The avoided costs include a credit prior : 


: Avoided Cost Example - 
_ Non-Utility Generation 
Figure 16-9 shows the illustrative avoided costs ; 
of anon-utility generator. The levelized avoided | 


costs are shown for NUGs with an in-service 


availability of 90% is assumed. 


: its life. These are alternative representations : 
_ of the avoided cost ~ they are not additive. 
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The costs are presented for the Proposed | 
Major Supply Plan 15 and the two Alternative 
Major Supply Plans 22 and 24. : 
| The NUG avoided costsinclude transmission 
associated with the incorporation of generation. : 
: Other transmission benefits of NUGs are treated 
' on a case-by-case basis. : 
| The avoided cost, in Plan 15, for the 80% - 
: ACF, dispatchable NUG, in service between 
| 1994 and 2014, is 3.4 cents per kWh, comparable 
to the LUEC of a nuclear station, as shown : 
in Figure 16-1. This shows consistency between 
: the simplified and incremental! cost methods. : 
period of 1994-2014 and a range of capacity 
factors (10%, 40% and 80%). A winter peak | 


Comparing the results for the three can- 2 
- didate plans, the avoided cost of NUG options | 
implemented in the next decade are not very 
: The costs are presented in levelized cents 
| per kWh and in dollars per kW installed. The 
latter is the present value of the option over : 


sensitive to which Candidate Plan is used. 


For the low capacity factor NUG the avoided 3 
cost goes up to 10.0 cents/kWh. Because it | 
is saving less energy, its total value drops to 


1080 $/kW (from 2920 $/kW). 


: 10 


25 


Figure 16-9 Avoided Costs Depend on Capacity Factor 


Avoided Costs — NUG, Dispatchable, 1994-2014 


Plan ¢/kWh 
15 10.0 
22 11.6 
24 9.6 


10% 


$/kW 
1080 
1240 
1030 


ACF 


¢/kWh 
4.6 
47 
4.6 


40% 


Note: ¢/kWh and $/kW are altemative representations of avoided costs, they are not additive. 


Figure 16-10a Avoided Costs Depend on Dispatchablity 


Avioded Costs — NUG, Dispatchable, 1994-2014 


Plan ¢/kWh 
15 10.0 
22 11.6 
24 9.6 


10% 


$/kW 
1080 
1240 
1030 


ACF 


¢/kWh 
46 
47 
4.6 


40% 


Note: ¢/kWh and $/kW are altemative representations of avoided costs, they are not additive. 


Figure 16-10b Avoided Costs Depend on Dispatchablity 


Avoided Costs — NUG, Dispatchable, 1994-2014 


Plan ¢/kWh 
15 3.2 
22 3.1 
24 3.2 


ACF 


¢/kWh 
3.2 
3.1 
3.2 


40% 


Note: ¢/kWh and $/KW are altemative representations of avvided costs, they are not additive, 
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$/kW 
1980 
2030 
1960 


$/kW 
1980 
2030 
1960 


$/kW 
1360 
1320 
1370 


¢/kWh 
3.4 
3.3 
3.4 


¢/kWh 
3.4 
3.3 
3.4 


¢/kWh 
3.2 
3.1 
3.2 
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80% 


80% 


80% 


A second example shows the results if the 


: NUGs are not dispatchable, Figure 16-10. 


The dispatchable results assume that output 


of the NUG can be controlled by the system : 


: control centre, and that its use can be arranged 
: to coincide with times of maximum system : 


$/kW 
2920 
2860 
2940 


: need. The non-dispatchable results assume | 
that the NUGs energy is produced at random 
: through the year and it has a lower credit for 
capacity savings, effectively discounting its 


| capacity by its annual load factor. 


Such a non-dispatchable NUG has the same 


avoided cost on an energy basis regardless of 
: capacity factor (3.2 cents/kWh for Plan 15). : 


The avoided costs for the 20 year period 


: 2004 to 2024, is higher than for the 20 year 
‘ period 1994 to 2014. For an 80% ACF : 


_and Plan 15, the increase is about 15%. | 
: The difference would have been larger if : 
: a capacity credit had not been given to the | 


$/kW 
2920 
2860 
2940 


: NUGs in the short term. 


A third NUG example is to show how avoided 7 


3 costs vary with time periods. This is reflected 
: in the results shown in Figure 16-11 which : 


shows the results if the in-service period for 
' the NUGs are 2004 to 2024 instead of 1994 | 
to 2014. Without the capacity credit in the 
: 1990s, the near term values would be lower | 


_ and the difference due to delaying in-service | 
|: dates would be larger. ; 


2 Avoided Cost Examples - 


: Demand Management 
The same considerations of energy production, : 


$/kW 
2720 
2650 
2750 | 
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timing and dispatchability, that go into the 
: evaluation of the avoided costs of NUGs, apply | 
_} to demand management and hydraulic. 
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Figure 16-12 shows the avoided cost for : | 
Figure 16-112 Avoided Costs Depend on Time Period 
Avoided Costs — NUG, Dispatchable, 1994-2014 


: two demand management options. The options 


: are a thermal envelope upgrade which saves : 
: energy only over the winter heating period, ‘ 


and a high efficiency industrial motor program ° ‘ ACF 

: targeted at motors that are running most of | 10% 40% 80% 

- the year. Plan ¢/kWh $/kW ¢/kWh $/kW ¢/kWh $/kW 
3 The avoided costs are expressed in cents | 15 10.0 1080 46 1980 3.4 2920 
per kWh of customer load reduction. They 22 11.6 1240 47 2030 3.3 2860 
are shown for Plan 15, and for the upper, | 24 9.6 1030 46 1960 3.4 2940 


median and lower load forecasts. The Note: ¢/kWh and S/kW are altemative representations of avoided costs, they are not additive. 
costs assume the options are installed in 

: the year 2000. : 

: The thermal envelope upgrade, which is 

assumed to have a life of 40 years, has an avoided : 

cost of 7.0 cents per kWh in the median growth 

case. This credits the option with capacity ‘Figure 16-11b Avoided Costs Depend on Time Period 


savings and energy savings (atabout 36% ACF) | im Avoided Costs — NUG, Dispatchable, 1994-2014 

mainly during the winter heating season, co- 

incident with Hydro’s high avoided cost period. : ACF 

The industrial high efficiency motor program 10% 40% 80% 

(80% ACF, 10 year life) has an avoided cost Plan ¢/kWh $/kW ¢/kWh $/kW ¢/kWh $/kW 
of 4.1 cents per kWh for the median load fore- 15 10.7 1190 5.3 2360 3.9 3450 
cast. This reflects a higher ACF than the thermal 22 14.9 1660 5.6 2470 3.6 3210 
- envelope upgrade. 24 94 1040 53 2340 4.0 3550 
Demand Management options are credited Note: ¢/kWh and $/KW are altemative representations of avoided costs, they are not adaitive 


for savings in capital and operating costs : 
: of transmission and distribution, and the 
value of reduced losses. The distribution costs 
savings include those associated with the 
municipal utilities. 3 
Individual electrical efficiency improve- | Figure 16 I2a Avoided Costs of Demand Management 1989 e/kWh | 


ments (EEI) may or may not affect the cost : Residential Thermal Envelope Upgrade 

of local distribution. However, a province wide 

EE! program will have an effect. A credit is Load Growth Generation & Fuel Transmission Distribution Total 
applied to demand management options based Upper 5.8 0.8 07 73 
on their average effect, but this effect is Median 5.5 0.8 0.7 7.0 
recognized to be different from program to Lower 4.9 0.8 0.7 6.4 


Note:Expected avided costs ~ Proposed Plan 
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Figure 16-12b Avoided Costs of Demand Management 1989 ¢/kWh 


High Efficiency Motors (Industrial) 


Load Growth Generation & Fuel 
Upper 45 
Median 3.8 
Lower 3.1 


Note:Expected avided costs — Proposed Plan 


Figure 16-13 Avoided Costs Hydraulic 
Niagara Development 


Plan 1989 ¢/kWh 1989 $/kW* 
15 5.3 2830 
22 5.8 3200 
24 5.1 2740 


Note: Expacted avoided costs. 
i6/kWh and $/kW are altemative representations 
of avoided costs, they ara not additive. 
* Based on net capacity 


Transmission 


Distribution Total 
0.3 0.0 4.8 
0.3 0.0 4.1 
0.3 0.0 3.4 
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program. For example, the motor program 
| receives no distribution benefits as most industry 
is connected directly to the transmission or 
the sub-transmission system. 3 


, Avoided Cost Example - Hydraulic 
: Avoided costs are also used by Hydro to evaluate : 
: its hydraulic options. 


Figure 16-13 shows the avoided cost ! 


calculated for the Niagara development. The 
Niagara development gets credit for being 
dispatchable within a day, but not for seasonal 
 dispatchability. It hasan intermediate capacity : 
factor and the resulting expected avoided 
cost, shown in this table, varies from 5,1 to 
5.8 cents/kWh depending on the plan chosen. 


: Avoided Cost Feedback 
The avoided costs presented in this chapter 
are based on the candidate plans. The deter- 
mination of avoided costs and plans is an 
iterative process. 


The avoided costs developed in this chapter 


were not used to re-evaluate the NUG Plan. 
These avoided costs are lower than typical 
purchase rates considered in the development 
of the NUG plan. : 


The avoided costs shown in Chapter 12 : 


' for the hydraulic options are based on the 
: avoided costs for the Proposed Major Supply : 
: Plan shown in this chapter. 


The analysis of the attainable induced elec- J 


trical efficiency improvements was repeated 
with avoided costs from Plan 15 to check that : 
the resultis consistent with the demand man- 
agement plan. This analysis is presented in 
7 Chapter 7. = 


-@-@-@-@- 


Chapter 3 
Basic Load 
Forecast 


Chapter 4 
The Existing 
System 


Chapter 5 
Requirement for 
Demand/Supply 

Options 
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Chapter 6 Chapter 7 Chapter 8 
Costing Concepts The Demand The Non-utility 
and Management Generation 
Avoided Costs Plan Plan 
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Load Forecasts 


> = wo x 


Chapter 10 
Rehabilitation 
Plan 
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Chapter 11 
Requirement for 
New Supply 


20 
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Chapter 12 Chapter 13 Chapter 14 
The Hydraulic Requirement for Major Supply 
Plan Major Supply Options 


Chapter 15 Chapter 16 Chapter 17 
Major Supply Avoided Cost Demand/Supply 
Plans Determination Plans 


17> +=DEMAND/SuPPLY PLANS 


This chapter provides a summary of the components of the three candidate 


Demand/Supply Plans. Each Demand/Supply Plan includes 


_ the Demand Management, Non-Utility Generation, Hydraulic Generation and : 


Rehabilitation Plans along with one of the Major Supply Plans. 


: As illustrated in Figure 17-1, each Demand/ 
Supply Plan has an associated Action Plan, 
which is described in Chapter 18. 

: The description of each plan shows how 
: plan components would be adjusted to accom- 
: modate higher and lower load growth. The 
three Demand/Supply Plansare also sufficiently 
: robust and resilient to accommodate other : 
future uncertainties. : 
' Each of the three candidate Demand /Supply 
Plans provides an acceptable balance after : 
: considering all of the planning factors. One : 
of the three Demand/Supply Plans is ident- : 
: ified as the Proposed Demand/Supply Plan 3 
~the plan which best meets the future electric- : 
ity needs of customers to 2014 and beyond. : 
The chapter presents a summary of rationale : 
; for the selection of the Proposed Demand/ ° 
Common Components 


, Supply Plan. 
_ Each of the three Demand/Supply Plans is | 


Summary of Plan Components 


: Each of the three Demand/Supply Plans is 
: made up of common components such as 


<Demand/Supply Pla 
1 


; ation, as well as variable components for major : 
supply. A summary of plan components and 
their contributions to meeting electricity 
needs is set out below for the three Demand/ 


Supply plans. 


The common components are discussed : 


first: 
¢ Demand Management; 


: ¢ Non-Utility Generation; 


* Rehabilitation; 
e Hydraulic Generation; and, 
Manitoba Purchase. 


This is followed by a discussion of the : 
Demand/Supply Plans which include the 


variable components: 
¢ Fossil Generation; and, 
¢ Nuclear Generation. 


: designed to attain the maximum economic 
contribution from the common components. 
: The contributions of the common components : 
: demand management and non-utility gener- | : 


are presented below. 


ns - Chapter Seventeen> 
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oa 


Chapter 18 
Action Plans 
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Figure 17-1 Structure of Demand/Supply Plans 


* Proposed Demand/Supply Plan 15 
¢ Alternative Demand/Supply Plan 22 (Higher Nuclear) 
« Alternative Demand/Supply Pian 24 (Higher Fossil) 


Candidate Demand/Supply Plan 


“Proposed Major Supply Plan 15 
¢ Alternative Major Supply Plan 22 (Higher Nuclear) 
* Alternative Major Supply Plan 24 (Higher Fossil) 
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About 3000 MW of needed capacity will come 


: from hydraulic power. 
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: Demand Management Pian 

© Electrical Efficiency Improvements adopted 
' over the planning period (January 89- 
- December 2014) reduce peak power and energy : 
: requirements by the amounts shown in : 
| Figure 17-2. 


Electrical Efficiency 


Figure 17-2 
Improvements 


Peak Power Reduction (MW) 


Year Load Forecast 

End Lower Median Upper 
2000 1600 2000 2500 
2014 2475 3400 4250 
Annual Energy Reduction (TWh) 

Year Load Forecast 

End Lower Median Upper 
2000 8.0 10.0 12.5 
2014 12.4 17.0 252 


: © Load Shifting programs adopted over | 
- the planning period reduce peak power 
: requirements by the amounts shown in 
: Figure 17-3, Load shifting does not reduce 
3 energy requirements. 


Load Shifting 


Peak Power Reduction (MW! 


Fig are Tf-3 


Year Load Forecast 

End Lower Median Upper 
2000 800 1000 1200 
2014 1080 1280 1480 
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: * Capacity Interruptible Loads reduce peak : 
: power requirements by the amounts shown : 
_ in Figure 17-4, Interruptible loads do not . 


reduce energy requirements. 


Figure 17-4 Capacity Interruptible Loads 


Peak Powar Reduction (MW) 


Year Load Forecast 

End Lower Median Upper 
1988* 763 763 763 
2000 599 702 798 
2014 771 890 976 
“actual 


- © Total Demand Management demand reduc- 


tion is shown in Figure 17-5. 


Figure 17-5 Total Demand Management 


Demand Reduction * 


Peak Power Reduction (MW) 


Year Load Forecast 

End Lower Median Upper 
1988 763 763 763 
2000 2999 3702 4498 
2014 4326 5570 6706 


"includes 763 MW of Capacity Interruptible Loads in effect in 
December 1988. 


Annual Energy Reduction (TWh) 


Year Load Forecast 

End Lower Median Upper 
2000 8.0 10.0 12.5 
2014 12.4 17.0 2 lee 


: Non-Utility Generation Plan 
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' ¢ Purchase NUGs adopted over the planning : 


* Demand Displacement NUGs reduce peak period increase the supply capacity and energy 
_ power and energy requirements on Ontario = by the amounts shown in Figure 17-7. 


| Hydro’s system by the amounts shown in — 


: Figure 17-6. 


Figure (7-6 Demand Displacement 


Non- Utility Generation 


Peak Power Reductian 


PPETITerrT Trier tri rrr ir tri Tirrrireitreririiiitrr Trier irri rir tite ett e) weer eenee 


Year Load Forecast 
End Lower Median Upper 
2000 342 403 472 
2014 382 456 522 
Annual Energy Reduction (TWh) 

Load Forecast 
Year Lower Median Upper 
2000 2.7 3.0 3.7 
2014 3.0 3.4 4.1 


(MW 


"Net installed Capacity (MW) 


Year Load Forecast 
End Lower Median Upper 
2000 435 932 1133 
2014 864 1522 1660 
“Net of NUG retirements. 
Annual Energy (TWh) 

Load Forecast 
Year Lower Median Upper 
2000 3.0 5.4 7.6 
2014 5.8 10.3 11.2 
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Figure 17-7 Purchase Non-Utility Generation : 


¢ The total Non-Utility Generation con- 
- tribution over the planning period in terms 
- of net installed capacity and annual energy 
| is shown in Figure 17-8. 


Total Non-Utility Generation 
Net Installed Capacity (MW) 


Figure 17-8 


Year Load Forecast 

End Lower Median Upper 
2000 797 1358 1632 
2014 1268 2004 2212 
Annual Energy (TWh) 

Year Load Forecast 

End Lower Median Upper 
2000 Dal 9.4 11.3 
2014 8.8 13.7 15.3 


: 
: 
$ 
> 26 
; 
3 
; 


: 35 


a 


Figure 17-9 Manitoba Purchase 


Period Capacity 
(Nov | - Oct 31) (MW) 
1998 — 2000 200 
2000 — 2001 400 
2001 — 2002 600 
2002 — 2003 1000 
2003 - 2018 1000 
2018 — 2020 800 
2020 — 2021 600 
2021 — 2022 400 
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Annual 
Energy 
(TWh) 
1.4 

3.0 
47 
6.8 

7.0 

5.6 

4.2 
2.8 


Victoria Hospital in London produces 
electricity from waste. 


: Rehabilitation Plan 

¢ The Rehabilitation Plan involves programs 
to rehabilitate hydraulic, fossil and nuclear 
facilities to ensure maximum use is made of : 
existing facilities. The Rehabilitation Plan will 
include work on more than 20 GW of existing 
3 ¢ 5.8 TWh of energy in the year 2014. 
* The main elements of the plan are listed 
below: 


generating facilities over the plan period. 


: Hydraulic 

* Small Hydro Assessment & Retrofit Program; 
* Turbine Upgrade Program; 

: © Process Control Improvement Program; 

: © Dam Safety Assessment Program. 


| Fossil 
e Acid Gas Reduction; 
: ¢ Lakeview Rehabilitation; 
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: © Lambton Rehabilitation; 
: © Other Fossil Station Rehabilitation. 


| Nuclear 

¢ Fuel Channel Rehabilitation; 
: ¢ Nuclear Plant Life Assurance; 
3 ¢ Pickering Output Increase. 


Hydraulic Plan 
The Hydraulic Plan includes redevelopments, : 
extensions or new developments at: | 
¢ Lake Gibson; 

Big Chute; 

¢ Kipling; 

_ ¢ Smoky Falls; 

¢ Harmon; 

* Little Long; 

| + Little Jackfish; 

* Niagara; 

¢ Abitibi Canyon; 

* Otter Rapids; 

_ © Nine Mile Rapids. : 
In terms of capacity, the Hydraulic Plan provides: 
* 1209 MW by the end of year 2000; and 3 


© 2849 MW by the end of year 2014. 


In terms of energy the Hydraulic Plan provides: 


© 3.0 TWh of energy in the year 2000; and 


The Hydraulic Plan is the same for the 


: lower, median and upper load forecast. 


Manitoba Purchase 
; ¢ All plans include a firm purchase of 1000 MW 
from Manitoba beginning in 1998. It provides 
energy and capacity as shown in Figure 17-9. 


: Variable Components 
: The variable components of the Demand/ : 
- Supply Plans are CANDU, Conventional Steam : 
Cycle coal, IGCC, Combined Cycle and | 
: gas-fueled Combustion Turbine Units. 
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Figure 17-10 Meeting Ontario's Electricity Demand Plan 15- Proposed Plan 


45 Median 


35 


30 


25 


| tl 


20 


15 


1990 1995 2000 


Year (January) 


; Candidate Demand/Supply Plan 15 


; ¢ Demand/Supply Plan 15 includes the Demand 
: Management Plan, Non-Utility Generation ‘ 


£ Plan, Rehabilitation Plan, Hydraulic Plan 


and Major Supply Plan 15, including the : 


:- Manitoba Purchase. 


: © The variable components of this plan are ; 
CANDU stations for base load requirements : 
and Combustion Turbine Units for peaking 
requirements. Intermediate requirements are 3 


: met by existing fossil generation. 


: ¢Figure 17-10 shows the contribution of each 
: of the plan components to meeting the | 
: demand/supply requirements for the median 


: load forecast 


Basic Load Forecast 
oy ES 


Firm Load Forecast Load Mectin 


Capability of 
Existing System 


aS 
Electrical 
Efficiency 
Improvement 


Load Shifting 


Load Displace- 
ment NUGS 


Capacity 
Interruptible 
Loads 


CANDU 


—— 
Fossil 


SSS 
Manitoba 
Purchase 


2005 2010 2014 Hydraulic 


Purchase NUGs 


DESCRIPTION OFDEMAND/SUPPLY PLANS : ° Figure 17-11 shows the same information 
five year intervals. 

The top half of the chart shows how the : 
Basic Load Forecast (BLF) is reduced by the : 
: firm demand reducing options to the Firm 


Load Forecast (FLF). 


System Load Meeting Capability (ES-LMC) 


is expanded by the five supply increasing 


options to the Future System Load Meeting 
Capability (FS-LMC). 


The centre of the table shows the balance | 


between the demand and supply. 


¢ The first unitin-service dates of the CANDU | 


stations (4 X 881 MW) in the plan are as follows: 
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' CANDU D is 


: 2014 
on the plan components in tabular form at 
* The remainder of the peak load generation 
is gas-fueled Combustion Turbine Units 
(CTU/G) some of which will be convertible 
to Combined Cycle (CTU/CC). : 
¢CTU/Gare installed at existing sites in varying. 
The bottom half shows how the Existing : 


2014 


Load Forecast 


: Lower Median Upper 
| CANDUA 2009 2003 2002 
: CANDUB 2012 2003 2007 
| CANDUC - 2012 2008 

2012 


: e The majority of the peaking generation is 
gas-fueled Combustion Turbine Units with 
capability to be converted to Combined Cycle 
: and IGCC ata later date (CTU/IGCC). 
¢ Winter Peak Capacity of CTU/1IGCC installed 


(MW) is: 
Load Forecast 

Lower Median Upper 
1995 0 0 0 
2000 0 0 1344 
2005 0 336 2016 
2010 1008 3024 2016 

2352 4368 2688 


amounts dictated by site and transmission : 


: capability. 
| © Winter Peak Capacity of CTU/G installed | 
| (MW) is: 
Load Forecast 
Lower Median Upper 
1995 0 0 1344 
: 2000 0 0 1344 
2005 0 1008 3360 
2010 1008 1008 3696 
1008 1008 3696 


25 
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Figure 7-11 Proposed Demand/Supply Plan 15 — Components 


Demand 
Reducing 
Options 


Balance 


Supply 
Increasing 


Options 


Meeting 


Requirements 


Median Load Forecast (EVV) 


Basic Load Forecast (BLF) 

Electrical Efficiency Improvements (EEl) 

Load Shifting (LS) 

Non-Utility Generation - Demand Displacement (NUG-DD) 

Capacity Interruptible Load (CiL) 

Firm Load Forecast (FLF) 

Future System — Load Meeting Capability (FS-LMC) 

Fossil (TH) 

Nuclear (NU) 

Utility Purchase (UP) 

Hydraulic (HY) 

Purchase Non-Utility Generation (P-NUG) 

Existing System — Load Meeting Capability (ES-LMC) 
*Retirements 

Required Demand/Supply (R-D/S) 

Demand Reductions in the Plan 
*Supply Increases in the Plan 

Plans Total 


Note: All supply options axpressed in Load Meeting Capability, 


0.0 


22.4 
23,2 


23.2 


1994 
26.9 


25.2 
25.8 


0.02 


25.5 
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1999 


27.1 


25.5 


30.0 
30.0 


25.0 


2009 
37.0 


31.8 
31.8 


22.8 


14.1 


14.1 


2014 
39.8 


34.2 


21.3 


15.7 
21.6 


<Providing the Balance of Power> 


: Candidate Demand/Supply Plan 22 
| (Higher Nuclear) 


: ©Demand/Supply Plan 22 includes the Demand 7 
: Management Plan, Non-Utility Generation : 


: Plan, Rehabilitation Plan, Hydraulic Plan 
‘ and Major Supply Plan 22, including the 
: Manitoba Purchase. 


* The variable components of this plan are : 
CANDU stations for base load requirements 
and part of the intermediate load requirements, 
and Combustion Turbine Units for peaking 
: requirements. Compared to Demand/Supply 
Plan 15, the CANDU stations are installed 
sooner. The remaining intermediate require- 
ments are met by existing fossil generation. 
¢ Figure 17-12 shows the contribution of each 
of the plan components to meeting the 
demand/supply requirements for the median 


i load forecast. 


: ¢ Figure 17-13 shows the same information 
: on the plan components in tabular form at : 


i five year intervals. 


¢ The first unit in-service dates of the CANDU : 


i stations (4x 88] MW) in the plan are as follows: 


Load Forecast 
Lower Median Upper 
: CANDUA 2007 2001 2001 
' CANOUB 2010 2006 2005 
| CANDUC 2 2010 2008 
2011 


! CANDUD . - 


¢ The majority of the peaking generation is 
gas-fueled Combustion Turbine Units with 
capability to be converted to Combined Cycle 
¢ The variable components of this plan are 
a combination of CSC coal and CANDU stations 
: for base load requirements, and Combustion 


_ and IGCC at a later date (CTU/IGCC). 


© Winter Peak Capacity of CTU/IGCC installed 


| (MW) is: 
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2014 


Load Forecast 

Lower Median Upper 

January of: 
: 1995 0 0 0 
2000 0 0 1344 
2005 0 0 2016 
2010 0 336 2016 
2014 1680 2688 2688 


¢ The remainder of peak load generation is 
gas-fueled Combustion Turbine Units (CTU/G) : 
some of which will be convertible to Combined : 


Cycle (CTU/CC). 


¢CTU/Gare installed at existing sites in varying 
amounts dictated by site and transmission 
‘capability. 
¢ Winter Peak Capacity of CTU/G installed : 


(MW) is: 
Load Forecast 

Lower Median Upper 

January of: 
: 1995 0 0 1344 
2000 0 0 1344 
2005 0 0 2352 
2010 0 1008 3024 
0 1008 3024 


Candidate Alternative Demand/Supply 
| Plan 24 (Higher Fossil) 

_ *Demand/Supply Plan 24 includes the Demand | 
Management Plan, Non-Utility Generation 
Plan, Rehabilitation Plan, Hydraulic Plan ‘ 
and Major Supply Plan 24, including the 


Manitoba Purchase. 


: 2 


35 


: 30 


2: 


25 


35: 
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Figure 17-12 Meeting Ontario's Electricity Demand Plan 22 — Higher Nuclear 


GW Median 


Basic Load Forecast 


2000 
Year (January) 


= = — —s 


Customers are encouraged to use electricity 


: efficiently through incentives and 


: information programs 


Ea 
Electrical 
Efficiency 
Improvement 


Load Shifting 


Load Displace- 
ment NUGS 


en 
Capacity 
interruptible 


Load Meeting ~ 
Capability of 
Existing System 
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Alternative Dema nd/Supply Plan 22 (Higher Nuclear) - Components 


Median Load Forecast (GW) 


Basic Load Forecast (BLF} 

Electrical Efficiency improvements (EE!) 

Load Shifting (LS) 

Non-Utility Generation — Demand Displacement (NUG-DD) 

Capacity Interruptible Load (CIL) 

Firm Load Forecast (FLF) 

Future System — Load Meeting Capability (FS-LMC) 

Fossil (TH) 

Nuclear (NU) 

Utility Purchase (UP) 

Hydraulic (HY) 

Purchase Non-Utility Generation (P-NUG) 

Existing System — Load Meeting Capability (ES-LMC) 
*Retirements 

Required Demand/Supply (R-D/S) 

Demand Reductions in the Plan 
*Supply Increases in the Plan 

Plans Total 


Note: All supply options expressed in Load Meeting Capability. 


1989 
2a.2 


0.0 


22.4 
23.2 


23.2 


1994 
26.9 


25.2 
25.8 


0.02 


25.5 
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1999 
30.2 


25.5 


30.0 


25.0 


31.8 
31.7 


14.1 


14.1 


18.5 


21.3 


15.8 
217 
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Figure 17-14 Meeting Ontario's Electricity Demand Plan 24 —- Higher Fossil 


45 Median 


40 


35 


30 
25 
20 
15 
1990 1995 2000 
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2005 


Basic Load orecait 


2010 


The Demand/Supply Plan includes combustion turbine units which 
can be converted into IGCC stations like this one in the US. 


——— 
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- CANDUC " “ 


: 2014 


Turbine Units for peaking requirements. 
2 Intermediate requirements are met by existing : 
fossil generation. : 
¢ Figure 17-14 shows the contribution of each 
of the plan components to meeting the | 
demand/supply requirements for the median 
load forecast. 3 
: ¢ Figure 17-15 shows the same information 
- on the plan components in tabular form at 
: five year intervals. | 
¢ The first unit in-service dates of the CSC 
coal station (4 x 800 MW) and the CANDU | 
: stations (4x 881 MW) in the plan are as follows: : 


Load Forecast 


Lower Median Upper 

- CANDUA 2009 2003 2002 
SCA 2012 2003 2007 
- CANDUB ' 2012 2008 
2012 


e The majority of the peaking generation is 
: gas-fueled Cumbustion Turbine Units with : 
capability to be converted to Combined Cycle 
_ and IGCC ata later date (CTU/IGCC). 
| «Winter Peak Capacity of CTU/IGCCinstalled 


: (MW) is: 
Load Forecast 

Lower Median Upper 
January of: 
«1995 0 0 0 
2000 0 0 1344 
2005 0 336 3024 
- 2010 1344 3693 3360 

2352 5040 4032 


: ¢ The remainder of the peak load generation 
is gas-fueled Combustion Turbine Units 
(CTU/G) some of which will be convertible 
' to Combined Cycle (CTU/CC). 3 


: ©CTU/Gare installed at existing sites in vary- 
: ing amounts dictated by site and transmission : 


' capability. : | 
¢ Winter Peak Capacity of CTU/G installed 
| (MW) is: 

Load Forecast 
Lower Median Upper 
January of: 
- 1995 0 0 1344 
2000 0 0 1344 
2005 0 1008 =. «2382 
| 2010 1008 1008 3024 


2014 1008 1008 3024 


: Plans are Robust and Resilient 


- The Demand/Supply Plans are designed to | 
accomodate many uncertainties without adverse 
impact on electricity service. In this regard, 
: all three Demand/Supply Plans are robust 
and resilient. They provide considerable flexi- 
bility and are expected to meet a range of 
reasonable future events while continuing to: 


: © supply reliable electricity service; 
: © maintain low customer cost; 


: © meet current environmental regulatory ; | 


: requirements; and 


: © achieve high performance with regard to | 


worker and public safety. 


All three Demand/Supply Plans contain a mix 
: of fossil and nuclear options which, within | 
: reasonable limits, offer flexibility to accom- : 


: modate the following uncertainties: 


: © variations in the load growth outside the : 


bandwidth forecast; 
: © development of new options; 


: © more stringent environmental and safety : 


: requirements; 
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: Nanticoke, Hydro’s largest generating station 
was placed in service in 1973. 
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| | Figure 17-15 Alternative Demand/Supply Plan 24 (Higher Fossil) - Components 


Jan. 

1989 

Basic Load Forecast (BLF) 23.2 

Demand Electrical Efficiency Improvements (EE!) 0.0 
Reducing Load Shifting (LS) 0.0 
Options Non-Utility Generation~ Demand Displacement (NUG-DD) 0.0 
Capacity Interruptible Load (CIL) 0.7 

Balance Firm Load Forecast (FLF) 22.4 
Future System — Load Meeting Capability (FS-LMC) 23.2 

Supply Fossil (TH) 0.0 
Increasing Nuclear {NU} 0.0 
Options Utility Purchase (UP) 0.0 
Hydraulic (HY) 0.0 

Purchase Non-Utility Generation (P-NUG) 0.0 

Existing System — Load Meeting Capability (ES-LMC) 23.2 

Retirements 0.0 

Meeting Required Demand/Supply (R-D/S) 0.0 
Requirements Demand Reductions in the Plan 0.7 
Supply Increases in the Plan 0.0 

Plans Total 0.7 


Note: All supply options expressed in Load Meeting Capability 
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1994 
26.9 


25.2 
25.8 


0.02 


25.5 


teen> 


26.8 
27.1 


25.5 


Jan. 
2004 
34.5 
2.3 
1.1 
0.4 
0.7 
30.0 
30.0 
1.1 
0.7 
0.8 
1.5 
0.9 
25.0 
0.6 
9.5 
4.5 
4.9 
9.4 


Jan. 
2009 
37.0 
28 
1.2 
0.4 
0.8 
31.8 
32.3 
3.0 
2.8 
0.8 
1.8 
Ww 
22.8 
2.3 
14.1 
5.2 
9.5 
14.7 


Jan. 
2014 
39.8 
3.3 
1.3 
0.5 
0.9 
33.9 
34.3 
73 
43 
0.8 
2.2 
1.2 
18.5 
7.0 
21.3 
5.9 
15.8 
21.7 


The hydraulic plan includes new developments 
- on sites such as the Mattagami River. 


. © variations in fuel prices; 


- © earlier or later retirement of existing facilities; 
2 * variations in yield of demand management, 
: non-utility generation and hydraulic generation; ; 
: * opportunities for purchases from other : 


: utilities; and, 


: ® accuracy of nuclear and fossil cost estimates, : 
: For example, if the yield from demand man- 2 
: agement, non-utility generation or hydraulic : 
3 generation exceeds expectations, all three ; 
: Demand/Supply Plans can be adjusted with- : 
: out serious economic consequences by defer- 
: ring generation commitments. If the yield : 
is less than expected, and there is median 3 
growth, all three can be adjusted by imple- 
menting some of the options planned for upper 
growth. However, with upper growth and lower 
yields, all three plans will require additional : 
options beyond those identified in the 


2 Demand/Supply Plans. 
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Figure 17-16 Plan ata Glance - Plan 15 Load Meeting Capability 
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Figure 17-17 Plan ata Glance — Plan 22 Load Meeting Capability 
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Figure 17-18 Plan ata Glance — Plan 24 Load Meeting Capability 
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A further example of flexibility relates ; 
to uncertainty in fuel prices. The total plan 
costs are relatively insensitive to fluctuations 
in prices for coal, uranium and natural gas. 
Increases in uranium prices have low impact 
on the cost of base load nuclear generation. 
Doubling the cost of uranium increases the 
total cost by about 5%. Changes to coal prices 
have a much higher impact on the cost of 
electricity. However, historically, coal prices 
have been relatively stable and are forecast 
to remain stable in the future. Gas and oil 
: prices are much higher than coal prices and 
are much more uncertain in the long term. 
However, all three Demand /Supply Plans have 
CTUs which are convertible to combined cycle 
and IGCC to provide flexibility against gas 
price increases. i 


acid gas regulations and/or the introduction 
of greenhouse gas regulations. Demand/Supply 
Plan 24 (Higher Fossil) has the least flexibility 
in this regard as it only meets the illustrative : 
CO, target for the lower load forecast and 
has the smallest margin within the current 
acid gas regulations. Demand/Supply Plan 22 : 


(Higher Nuclear) has the most flexibility to 


the introduction of greenhouse gas regulations. 


Overall, Demand/Supply Plan 15 isjudged : 
: $187 M higher (Figure 15-51). 
towards the Higher Nuclear or the Higher 
Fossil plans depending upon circumstances. 
_ of Plan 22 is $938 million higher, and Plan : 
| 24 is $712 million higher (Figure 15-55). | 


to be the most resilient as it is able to shift 
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Plans are Balanced 
Each of the three candidate Demand/Supply 
Plans is balanced with respect to: 
* meeting customer needs through demand 
and supply options; 
* responding to customer expectations and 
values such as reliability, low cost and protection 
of the environment; and 
¢ having a wide range of new demand and 
supply options, each of which makes an im 
portant contribution to providing customer 
: electricity needs. 


Demand/Supply Plan 15 is judged to be , 


: the best balanced in terms of the contributions : 
from demand options and supply options and 
in terms of having the most appropriate mix 
of generation types. 


Figures 17-16, 17-17 and 17-18 show how ; 


the various options contribute to each of the 

candidate plans over the 25 year plan period. 

Although many uncertainties are accomo- : 
dated by the Plans, there is one possible excep- 
tion. This is the possibility of much stricter 


COMPARISON OF 
DEMAND/SUPPLY PLANS 


None of the three Demand/Supply Plans is 
best in all respects, There are major differences 
among the three plans. Following is a com-’ 
parison of the three Demand/Supply Plans 
and the rationale for the selection of Demand/ i 


: Supply Plan 15 as the proposed plan. 
respond to stricter acid gas regulations and : 


25-year Plan Costs: Plan 15 has the lowest 7 


: 25-year plan cost. The present value expected : 


cost of Plan 22 is $365 M higher. Plan 24 is 


Costs beyond 2014: The long term cost for 
Plan 15 is much lower. The present value costs 
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Natural uranium is 
processed and placed 
in fuel bundles for use 


in the reactor. 


A more energy efficient industrial sector is a key 


: part of Hydro’s demand management plan. 
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: 20 


; 5 


: 35 


25 


the lowest electricity prices from 2003 to 2007 | 
: and lowest net borrowings from 1997 to 2003 : 
: (Figures 15-52, 15-53). In the longer term, : 


Electricity Price and Borrowings: Plan 24 has 


‘ electricity prices for Plan 15 will be lower. 


acid gas emissions. Plan 15 has the next lowest. 
Plan 24 has the highest. Under median load, 
from 2010 to 2014, annual average emissions 
: for Plan 22 are 90 Gg, Plan 15, 135 Gg, and | 


Acid Gas Emissions: Plan 22 has the lowest 


' Plan 24, 150 Gg (Figure 15-30). The flexibility 


_ tomeet tighter regulations is highest for Plan 22, | 


SOOO ese eneaaceserne en aneenmenscrenee 


load forecast and almost meets it for the upper 
: forecast. Plan 15 meets the target for the lower : 
and median forecasts, and, except from 2005 


lowest for Plan 24. 


CO, Emissions: The illustrative target con- 
sidered by the Canadian ministers corresponds 3 
to 24 teragrams per year for Ontario Hydro 
- if one is delayed, the other can fill the need. 

: limits for any actual target that may be adopted 
could be lower, and the timing earlier, than 
that considered in the illustrative target. Plan 22 
has the lowest CO, emissions. It meets the 
: illustrative target for the lower and median 


by 2005. There is considerable risk that the 


to 2009, meets the upper forecast. Plan 24 


median and upper load forecasts. 


sacbecenes 


Balance of Trade: In the long term (2040) 
Plan 22 has the most favourable balance of 
trade, $1 billion (1989 present value) over 
' Plan 15. Plan 24is the least favourable, about 
$300 million (1989 present value) less than 


Plan 15. 


35: 


: social acceptance isan ongoing public concern : 
: with respect to reactor safety and radioactive 
: waste disposal. Plan 22 has the most new nuclear : 


Radioactivity Concerns: One dimension of | 


stations, Plan 24 has the least. 
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Diversity: There are no major changes in 
diversity between the existing system and 
the system with any of the three Demand/ 
Supply Plans. 3 

Resource Smoothing: Under median and upper 


| Joad, Plans 15, 22and 24 acceptably maintain 


the capability to design, manufacture, construct : 
and operate nuclear and fossil generation. 
Under the lower load forecast, there is a 
significant interruption in the nuclear program, 


which would adversely affect maintaining the : 


CANDU option. 

Approval Delays: Plan 24 is less vulnerable 
to the impact of approval delays than the other | 
Demand/Supply Plans because it has both 
nuclear and fossil in the preparatory stages 


Proposed Demand/Supply Plan 
Demand/Supply Plan 15 is selected as the 
Proposed Demand/Supply Plan as it achieves 
balance in both a quantitative and qualitative 
sense. The Proposed Plan integrates both : 
demand and supply options which meet the 5 
forecasts of future customer needs for electricity, 


: while providing reliable, low cost power in | 
: does not meet the illustrative target for the : 


an environmentally acceptable manner. 

Demand/Supply Plan 15 is also the most : 
robust and resilient of the three candi- 
date plans as it is best able to accommodate 
uncertainties without adverse impacts on 
electricity service. 

Demand/Supply Plan 15 is proposed to 


: provide the balance of power over the next : 


25 years. & 
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Chapter 3 
Basic Load 
Forecast 


Chapter 4 
The Existing 
System 


Chapter 5 
Requirement for 
Demand/Supply 

Options 
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Chapter 6 Chapter 7 
Costing Concepts The Demand 
and Management 
Avoided Costs Plan 
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Chapter 8 
The Non-utility 
Generation 
Plan 


Chapter 9 
The Primary 
and Firm 
Load Forecasts 


Chapter 10 
Rehabilitation 
Plan 
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Chapter 11 
Requirement for 
New Supply 


(2) 
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Chapter 12 Chapter 13 Chapter 14 
The Hydraulic Requirement for Major Supply 
Plan Major Supply Options 


Chapter 15 Chapter 16 Chapter 17 
Major Supply Avoided Cost Demand/Supply 
Plans Determination Plans 


18 ACTION PLANS 


An Action Plan is a set of timely actions which must be 


taken to implement a Candidate 


Demand/Supply Plan to meet effectively the future 


electricity needs of Ontario. 


This chapter describes how an Action Plan 
is developed, and presents the detailed Action 
Plans corresponding to the Proposed : 
Demand/Supply Plan 15, Alternative 2 
Demand/Supply Plan 22 (Higher Nuclear) 
and Alternative Demand/Supply Plan 24 : 
: (Higher Fossil). : 


: How the Action Plan is Developed 
The planned in-service date of a generating : 
unit is the date the unit is planned to begin : 
reliably generating electricity. The period prior 
3 to the in-service date is called the lead time.t 
: Lead time is divided into two parts - the 
definition lead time and the acquisition lead : 
time - as shown in Figure 18-1. | 
: Definition lead time is the time required : 
for the development of planning specifications; : 
estimating the costs of the project; pre- : 
engineering; preparation, submission and | 
review of an Environmental Assessment doc- 
ument; and obtaining all the approvals to permit 
: project commitment. Acquisition lead time 2 
: runs from project commitment to the in-service 
- date of the first unit, and includes detailed 
design, construction and commissioning 2 
' activities. : 


: acquisition is high. Accordingly, it is desirable 
to shorten the acquisition phase,! thereby | 
reducing interest costs during construction. : 
_ Ashort acquisition time has the further advan- | 
: tage of reducing uncertainty at the time of : 
; project commitment as to what the load will | 
: be at the in-service date. This permits “just- 2 
: in-time” commitment to minimize cost while 
3 still reliably meeting the load. 

However, if the reliability of electricity supply : 
is to be maintained, the planned acquisition 


time must also be realistic. 


The lead times for the major supply options ; 
are set outin Figure 15-6 in Chapter 15. These : 
lead times are expressed as a range, to reflect 
: project specific factors such as siting status : 
(existing or new) and approval requirements. 3 
A specific lead time is chosen for each option. | 
Deducting this lead time from the in-service 
date identifies the date at which the definition 
phase must start. Deducting the acquisition ; 
lead time from the in-service date identifies 
the project commitment date. Similarly, the : 
date for submitting the Environmental 
: Assessment document is obtained by deducting 
the time for EA review and approval from the : 
' project commitment date. : 
: The percentage of capital costs expended 
during the definition phaset is low (typically 3 
: 3% to’7%) but the percentage expended during 


As stated in the Demand/ Supply Planning : 
Strategy (Element 2.2.4), the preparations : 
for the options (definition phase) will be : 
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Chapter 18 
Action Plans 
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Figure 18-1 Supply Options — Lead Times 


Commence Project In-service 
definition commitment date 
work 


se aa s 
eS | 
OES ies. | 

yn 


Submit EA 


ama 


| taken in time to meet the upper load projec- : 
| tion, while avoiding the costs of premature : 


: commitments. 


: The Action Plan includes the facilities for 
which an Environmental Assessment document 
2 is expected to be submitted before Decem- : 
ber 31, 1996, based on meeting the upper 
: load forecast. If the actual load trend is below 


: the upper forecast, the project commitments 
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Action Plans 


The Action Plans for the Proposed 
Demand/Supply Plan and the two Alternative 
Demand/Supply Plans are set out in 
Figures 18-2, 18-3, and 18-4. The high priority 
plans - Demand Management, Non-Utility : 
Generation and Rehabilitation are shown as 
ongoing for the entire planning period. The : 
Action Plans associated with the high priority | 
will be delayed to the “just-in-time” requirement. : 
are also shown on these Figures. 4 


Hydraulic Plan and the Major Supply Plans 


25 


: 30 
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Figure (8-2 Action Plan 


Proposed Demand/Supply Plan 15 


5: 


30: 


a5: 


Option Action Timing 
Demand Management Plan Implement with High Priority On going 
NUG Plan Implement with High Priority On going 
Rehabilitation Plan Implement with High Priority On going 
Commence Project Commitment First Unit 

Capacity Definition Submit Load Forecast in Service Date 
Option MW Phase EA Lower Median Upper Lower Median Upper 
Manitoba Purchase 1000 - - - 1998 1998 1998 
(Independent of Load Growth) 
Associated Transmission 1500 Underway 1991 1993 1993 1993 1999 1999 1999 
Hydraulic Plan 
(Independent of Load Forecast) 
Little Jackfish 132 Underway Underway 1992 1992 1992 1996 1996 1996 
Lake Gibson 5 Underway 1990 1990 1990 1990 1992 1992 1992 
Big Chute 10 Underway 1990 1991 1991 1991 1993 1993 1993 
Kipling 68 Underway 1990 1992 1992 1992 1994 1994 1994 
Smoky Falls 182 Underway 1990 1992 1992 1992 1995 1995 1995 
Harmon 68 Underway 1990 1992 1992 1992 1995 1995 1995 
Little Long 61 Underway 1990 1992 1992 1992 1996 1996 1996 
Niagara 550 Underway 1991 1993 1993 1993 1998 1998 1998 
Canyon/Otter/Nine Mile 932 1991 1994 1996 1996 1996 2000 2000 2000 
Demothballing 
R.L. Hearn GS 800 - - - *1992 - - 1993 
Major Supply Plan 
CTU/NCA 672 Underway 1990 - ~ 1991 - - 1993 
CTU/NC B 672 Underway 1991 - = 1992 - - 1994 
CANDUA 3524 1990 1991 2001 1995 1993 2009 2003 2002 
CTU/IGCC A 2016 1990 1992 2006 1999 1994 2009 2002 1997 
CTU/CC A 1008 1994 1996 2005 1998 1998 2008 2001 2001 
CANDUB 3524 1994 1996 2004 2001 1999 2012 2009 2007 


: * Commence damothballing. 
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Figure 18-3 Action Plan 
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Alternative Demand/Supply Plan 22 (Higher Nuclear) 


Option 


Demand Management Plan 


NUG Plan 
Rehabilitation Plan 


Option 
Manitoba Purchase 


(Independent of Load Growth) 


Associated Transmission 


Hydraulic Plan 


(Independent of Load Forecast) 


Little Jackfish 

Lake Gibson 

Big Chute 

Kipling 

Smoky Falls 

Harmon 

Little Long 

Niagara 
Canyon/Otter/Nine Mile 


Demothballing 
R.L. Hearn GS 


Major Supply Plan 
CTU/NCA 
CTU/NC B 
CANDUA 
CTU/IGCC A 
CANDU B 


* Commence demothballing. 


Capacity 
MW 
1000 


1500 


550 
932 


800 


672 
672 
3524 
2016 
3524 


Action 
Implement with High Priority 
Implement with High Priority 
Implement with High Priority 
Commence 
Definition Submit 
Phase EA 
Underway 1991 
Underway Underway 
Underway 1990 
Underway 1990 
Underway 1990 
Underway 1990 
Underway 71990 
Underway . 1990 
Underway 1991 
1991 1994 
Underway 1990 
Underway 1991 
1990 1991 
1990 1992 
1992 1994 
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Timing 
On going 
On going 
On going 


Project Commitment 
Load Forecast 


Lower Median Upper 


1993 1993 1993 


1992 1992 1992 
1990 1990 1990 
1991 1991 1991 
1992 1992 1992 
1992 1992 1992 
1992 1992 1992 
1992 1992 1992 
1993 1993 1993 
1996 1996 1996 


- ™ 1982 


= “= 1991 
- - 1992 
1999 1993 1993 
2009 2006 1994 
2002 1998 1997 


Lower 
1998 


1999 


First Unit 


in Service Date 


Median 
1998 


1999 


Upper 
1998 


1999 


1996 
1992 
1993 
1994 
1995 
1995 
1996 
1998 
2000 


1993 


1993 
1994 
2001 
1997 
2005 


™ Figure i84 Action Plan 
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Alternative Demand/Supply Plan 24 (Higher Fossil) 


Option 


Demand Management Plan 
NUG Plan 
Rehabilitation Plan 


Option 

Manitoba Purchase 
(Independent of Load Growth} 
Associated Transmission 


Hydraulic Plan 
(Independent of Load Forecast} 
Little Jackfish 

Lake Gibson 

Big Chute 

Kipling 

Smoky Falls 

Harmon 

Little Long 

Niagara 
Canyon/Otter/Nine Mile 


Demothballing 
R.L. Hearn GS 


Major Supply Plan 
CTU/NC A 
CTU/NC B 
CANDUA 
CTU/IGCE A 
CTU/IGCC B 
CSCA 


* Commence demothballing. 


Capacity 
MW 
1000 


1500 


800 


672 
672 
3524 
2016 
1008 
2966 


Action 
Implement with High Priority 
Implement with High Priority 
Implement with High Priority 


Commence 
Definition Submit 
Phase EA 
Underway 1991 
Underway Underway 
Underway 1990 
Underway 1990 
Underway 1990 
Underway 1990 
Underway 1990 
Underway 1990 
Underway 1991 
1991 1994 
Underway 1990 
Underway 1991 
1990 1991 
1990 1992 
1994 1996 
1994 1996 
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Timing 
On going 
On going 
On going 


Project Commitment 


Lower 


1993 


Load Forecast 


Median 


1993 


1992 
1990 
1991 
1992 
1992 
1992 
1992 
1993 
1996 


Upper 


1993 


*1992 


1991 
1992 
1993 
1994 
1998 
2000 


Lower 
1998 


1999 


First Unit 


in Service Date 


Median 
1998 


1999 


Upper 
1998 


1999 


1996 
1992 
1993 
1994 
1995 
1995 
1996 
1998 
2000 


1993 


1993 
1994 
2002 
1997 
2001 
2007 
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19 APPROVALS 


Ontario Hydro has a statutory responsibility to meet electricity 


needs in Ontario. The three Candidate 


Demand/Supply Plans are designed to meet these electricity needs 


in accordance with approved planning criteria. 


_ supply facilities. : 
A flexible Program is required by Ontario | 


of major supply facilities can be delayed. 


General Purpose 
: The General Purpose of the Program is to | 


: Specific Purposes 


| Chapter 18 identifies Action Plansassociated : 
with the three Candidate Plans. Each Action 
Plan includes a specific Program addressing : 
the requirement and rationale for new electricity : 
: fic generation facilities in specific amounts - 


: Hydro because of the uncertainties associated : 
with the various components of the : 
: Demand/Supply Plan. For example, if the load 
: is higher than the median forecast, action 
must be taken now to maintain reliable supply. 
Similarly if the load is lower than the median 
forecast or contributions from demand man- 
: agement and non-utility generation are higher 
than forecast, commitment to the construction. 
The Undertaking 


: The Undertaking, as described in this envi- 


: ensure that a continuing reliable electricity 
supply is provided in Ontario in a manner | 
consistent with the Demand/Supply Planning : 
Strategy approved by Ontario Hydro’s Board 


’ of Directors in March, 1989. : resents onlya part of the results of the integrated : 


i i ete | 


- Candidate Demand/Supply Plans, The Plan | 


components notincluded in the Program either 


stig 


rationale for transmission facilities to incor- 
porate electricity purchased outside Ontario; 
* to obtain approval of the requirement and 
rationale for the installation in Ontario of speci- 


together with incorporating radial transmission 
- on a timetable relating to the electricity : 
demand required to be served by Ontario Hydro; 
* to address the overall approvals process for 
generation and radial transmission in a logical, 3 


comprehensive and consistent way; and 


¢ to obtain approvals which will avoid duplication 
of the consideration of planning issues in sub- 


sequent project applications. 


requirements. 


The Program submitted for approval rep- : 


3 ronmental assessment document, is made up : 
of specific Demand/Supply Plan components, : 
and constitutes a Program in respect of activities 
associated with meeting future electricity : 


: The Specific Purposes associated with the | 
: Program are: : do notrequire approval, or are not being sub- : 


: © to obtain approval of the requirement and ‘ mitted for approval in this application. 


: Approval Requested - Program 
_ Associated with Proposed 
- Demand/Supply Plan 15 


: In specific terms, Ontario Hydro is recom- 


: following: 
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: mission facilities to incorporate electricity 
purchased from Manitoba. : 
_ mending that approval be granted for the | 
3 _ 2. The requirement and rationale for the instal- : 
- lation in Ontario of the following generating : 
facilities associated with Plan 15-the Proposed 
: Plan: | 


Pianned 

Capacity 
Facilities (MW) 
Hydraulic Program 
Lake Gibson 5 
Big Chute 10 
Kipling 68 
Smoky Falls 182 
Harmon 68 
Little Long 61 
Little Jackfish 132 
Niagara 550 
Abitibi Canyon 463 
Otter Rapids 174 
Nine Mile Rapids 295 


: To avoid duplication, co-ordination : 
: will be required between this application : 
- and the project approvals for individual : 


hydraulic projects. 
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1, The requirement and rationale for the trans- : 


Fossil Program 

CTU/CC-A 

Phase 1 - Gas/Oil - CTU 1008 
Phase 2 — Gas/Oil — Combined Cycle 1442 


(Includes Phase 1} 


CTU/IGCC-A 
Phase 1 — Gas/Oil - CTU 2016 
Phase 2 — Gas/Oil - Combined Cycle 2882 


(Includes Phase 1) 
Phase 3 — Coal — Integrated Gasification 
2824 
(Includes Phases 1 and 2) 


Combined Cycle 


Nuclear Program 
CANDUA 3524 
CANDUB 3524 


; 3. The requirement and rationale for com- 3 
bustion turbines, not intended for conversion ; 
- to Combined Cycle or IGCC operation, on 3 
: existing sites, to be committed as short lead 3 
| time generating capacity if required to meet 
: electricity demand. ; 


CTU/NC-A 672 
CTU/NC -B 672 


4, The requirement and rationale for any radial 
: transmission needed to connect the generation 
- facilities listed above into Ontario Hydro’s | 
' transmission system. 


: 30 


: 35 


a5: 


_ Program Associated with Alternative 
- Demand/Supply Plan 22 

: One alternative method of carrying out the 2 
: undertaking is the Program associated with 
Candidate Plan 22. In specific terms, this : 
; Alternative Program includes: : 
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: 1. The requirement and rationale for the trans- : 
mission facilities to incorporate electricity 


purchased from Manitoba. 


: 2, The requirementand rationale for the instal- 
lation in Ontario of the following generating 3 
facilities associated with this alternative method : 
of carrying out the undertaking: 


Planned 
: Capacity 
_ | Facilities (MW) 
Hydraulic Program 
| Lake Gibson 5 
: Big Chute 10 
| Kipling 68 
Smoky Falls 182 
| Harmon 68 
Little Long 61 
Little Jackfish 132 
Niagara 550 
Abitibi Canyon 463 
Otter Rapids 174 
Nine Mile Rapids 295 


: To avoid duplication, co-ordination 
_ will be required between this application | 
: and the project approvals for individual 

hydraulic projects. 
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Fossil Program 
CTU/IGCC-A 
Phase 1- Gas/Oil - CTU 2016 
Phase 2—Gas/Oil-Combined Cycle 2882 


(Includes Phase 1} 
Phase 3 - Coal — Integrated Gasification 
2824 
(Includes Phases 1 and 2) 


Combined Cycle 


Nuclear Program 
CANDUA 3524 
CANDU B 3524 


3. The requirement and rationale for com- 
bustion turbines, not intended for conversion 
to Combined Cycle or IGCC operation, on : 
existing sites, to be committed as short lead : 
time generating capacity if required to meet , 
electricity demand. | 


CTU/NC-A 672 
CTU/NC -B 672 


: 4, The requirementand rationale for any radial: 
: transmission needed to connect the generation | 


facilities listed above into Ontario Hydro’s : 
transmission system. 


: Program Associated with Alternative 
: Demand/Supply Plan 24 


Another alternative method of carrying out : 
"the undertaking is the Program associated 
| with Candidate Plan 24. In specific terms, this _ : 
2. The requirement and rationale for the instal- 


- Alternative Program includes: 
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1. The requirement and rationale for the trans- ; | 
mission facilities to incorporate electricity : 


purchased from Manitoba. 


lation in Ontario of the following generating 
: facilities associated with this alternative method : 
: of carrying out the undertaking: 


| Planned 
| Capacity 
Facilities (MW) 
Hydraulic Program 
Lake Gibson ; 5 
Big Chute 10 
Kipling 68 
Smoky Falls 182 
Harmon 68 
Little Long 61 
Little Jackfish 132 
Niagara 550 
Abitibi Canyon 463 
Otter Rapids 174 
Nine Mile Rapids 295 


hydraulic projects. 
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Fossil Program 

CTU/IGCC-A 

Phase 1— Gas/Oil - CTU 2016 
Phase 2 — Gas/Qil - Combined Cycle 2882 


{Includes Phase 1) 
Phase 3 - Coal ~ {ntegrated Gasification 


Combined Cycle 2824 
(Includes Phases 1 and 2) 
CTU/IGCC-B 
Phase 1- Gas/Oil— CTU 1008 
Phase 2 — Gas/Oil — Combined Cycle 1441 


(Includes Phase 1) 
Phase 3 — Coal — Integrated Gasification 
1412 
(Includes Phases 1 and 2) 


Combined Cycie 


Conventional Steam Cycle (CSC-Coal|—-A 2964 


Nuclear Program 


CANDUA 3524 


7 3. The requirement and rationale for com- 
: bustion turbines, not intended for conversion : 
to Combined Cycle or IGCC operation, on 
existing sites, to be committed as short lead 
: To avoid duplication, co-ordination 7 
3 will be required between this application } 
and the project approvals for individual 


time generating capacity if required to meet : 


electricity demand. 


CTU/NC -A 
CTU/NC-—B 


: 4. The requirement and rationale for any radial | 
transmission needed to connect the generation 
facilities listed above into Ontario Hydro’s 
- transmission system. : 


toa 


30 


3 * Lambton 
¢ Lennox A 
¢ Nanticoke 


2: 


: Project Approval Process 
In keeping with the Purposes of the Program, 
Ontario Hydro has initiated work on the studies 
_Tequired to support the necessary applications 
for approvals to locate, on specific sites and : 
: rights-of-way, the facilities associated with the © 

: | For CTU/IGCC | 
Gas/oil fueled CTUs capable of conversion 
¢ Darlington B 


: approvals requested in this application. In : 
order to prepare and file project specific assess- 
ments in a timely way, field studies relating 
to coal fueled Integrated Gasification Combined 
| : « Wesleyville 

¢ North Channel Area 


to the identification, evaluation and selection 
of sites and rights-of-way are now underway. } 
3 Locations to be considered for the various 
fossil and nuclear projects will include at least 
¢ North Channel Area 

: ¢ Keith Redevelopment 

* Lakeview Redevelopment 
¢ Lambton Redevelopment 


the following: 


| For CTU/NC 

Non-convertible gas/oil fueled CTUs 
¢ Hearn 

| © Keith 


¢ Lakeview 
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| For CTU/CC 
Gas/oil fueled CTUs capable of conversion 
/ ¢ Wesleyville 

i @ North Channel Area 

¢ Lakeview Redevelopment 
| * Lambton Redevelopment 


to Combined Cycle 


: ¢ Hearn 
i ¢ Keith 


to Combined Cycle and further conversion 


Cycle operation 
* Lennox B 
* Wesleyville 
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For Conventional Steam Cycle ~ Coal 


® Lennox B 


For CANDU 


¢ Bruce C 


The project assessments will focus on ensuring 
that the components included in the 
approved Program are located and implemented 
in an environmentally acceptable manner. 
The project assessments will not duplicate nor 
| reconsider the planning issues determined 
by this application. 
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APPENDIX A 


Demand/Supply Planning Strategy 


(March 1989) 


| EXTRACT FROM REPORT 666D SP 
: 2.0 PRIORITY STRATEGIC DIRECTIONS 


: The Demand/Supply Planning Strategy 
contains five basic Thrusts: 

: 1. Ontario Hydro will give a high priority to 
the maintenance, upgrading and refurbishment 
' of the existing generation and trans- ; 
' mission facilities such as to improve their 3 


: tent with high standards of environmental : 
: protection. 


2. Ontario Hydro will give top priority to 


: contribute to low customer cost of electrical 


: operation of municipal utilities, customers, 


| Management programs. 
3. Ontario Hydro will give a high priority to 


a part of the need for new resources. Preference 
will be given to renewable resources such as 
small hydro and wood waste. Also fossil 
generation which employs high efficiency : 


: cogeneration will be preferred over conventional 
: technology. 


4, Ontario Hydro will give a high priority to 
3 the orderly development of the remaining 
economic hydro-electric potential recognizing 
3 that this is arenewable but limited resource. 


5. Ontario Hydro will keep open the options 
| performance, efficiency and reliability consis- 


for major new supply facilities to meet growth 
and the need to replace old plants and thus | 


' ensure a reliable electricity service into the ‘ 
next century. The major supply options are : 
CANDU nuclear, fossil and firm purchases 
demand management to reduce load growth : 
through electricity use efficiency and load 
shifting. Demand management options that : 


from Manitoba and Quebec. 


The Demand/Supply Planning Strategy best 3 


: meets the future electricity needs of Ontario 
: service will be aggressively pursued. The co- 


and will give the flexibility to cope with an : 


‘ uncertain future. 
governments and the electrical industry will 

be essential for the successful delivery of demand Priority Strategic Directions 
: ; * Maintain and improve the existing and 
committed facilities 
¢ Aggressively pursue economic demand 
: encouraging non-utility generation to provide : 


management options 

¢ Encourage non-utility generation 
* Undertake the orderly development of the 
remaining hydro-electric potential 
¢ Keep the major supply options open 
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| THE FULL STRATEGY 


'. Each annual Demand/Supply Plan will be 
considerations: 


: 1.0 General Strategic Principles 


: 1.1 The primary objective of demand/supply : 
programs is to contribute to customer 


i satisfaction. 


1.2 Reliability is paramount. 


: 1.3 Low customer cost of electricity service : 


is vital. 


1.4 Ontario Hydro will take a leadership role 
in protecting the environment. Ontario Hydro 
will encourage the social benefits associated : 
; 2.1.2 The cost of meeting social and envi- 


: with its activities. 


: 1,5 Rates must continue to be based on costs. : 


1.6 Flexibility will be provided to accommodate 
: uncertainty and thereby assure future electricity : 


i service. 


: 1.7 The primary criteria (which must be met) 


for evaluating and developing recommended : 
: 2.2.2 Plans must have flexibility to meet the | 
i full range of loads between the upper and : 


plans are: 

* customer satisfaction 

i * reliability standards 

* safety requirements and standards 


: © environmental requirements and standards : 


¢ low costs of electricity service 
* social acceptance 

* technical soundness 

: © flexibility 


: 1.8 Secondary criteria will be considered : 
: which may influence the recommended plans. : 


4.0 The Demand/Supply Planning Strategy 7 


Secondary criteria include: 


: @ resource preferences 
: developed based on the following strategic : 


® diversity 


: © resource smoothing 
: © environmental characteristics 
: @ public safety characteristics 


¢ economic impact 
¢ other social considerations 


In developing plans, the secondary criteria : 
: will be quantified to the degree practical. 


; 2.0 General Demand/Supply Strategies 


2.1 Measures of Cost 


: 2.1.1 Ontario Hydro will aim to develop a : 
: mix of demand and supply options that provides 
electricity service to customers at low total : 


customer cost. 


ronmental requirements will be included in 
cost evaluations of demand/supply options. | 


2.2 Response to Uncertain Growth 


2.2.1 The load forecast will include upper 
: and lower projections that cover a reasonable 
range of possible outcomes together with the ; 
probability of these outcomes. ; 


i lower projections at least risk cost. 


2.2.3 Demand options will be implemented, 
and supply options will be committed, in time 
to meet the median load growth economically 
and reliably. 


2.2.4 Preparations for demand and supply : 
: options will be undertaken in time to meet | 
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6 
supply options to be developed, capacity diversity 
: and energy diversity will be considered. 
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: the upper load projection while avoiding the 
: cost of premature commitment. 


: 2.3 Resource Smoothing 
: 2.3 To maintain flexibility and to reduce costs : 
i resource smoothing will be considered. 


2.4 Resource Preferences 
2.4.1 Resources meeting the primary criteria 
: will be preferred based on the nature of the 
primary energy source in the following order: 
* electricity use efficiency, renewable energy 
' the Ontario economy or environment will : 
be pursued through electrotechnology devel- 
opment and transfer to Ontario industry. 


: and waste fuels; 
* plentiful fuels; 
* scarce fuels. 
and based on their source in the following 
order: to the Ontario community and may increase 
¢ Ontario indigenous resources and electricity 
efficiency; 
* other Canadian resources; 
* foreign resources. 
Processes which convert fuel into electrical 
energy at high efficiency will be favoured. 


2.4.2 In choosing the mix of demand and : 


: 2.5 Public Consultation 
2.5 Consultation with customers, the public, 
governments and the legislature will continue 
to be an integral part of the planning process. 
economic demand reduction programs should 

: 3.0 Demand Management 
3 : 3.1 Increased Electrical Efficiency 
: 3.1 Demand reducing options through : 
: increased electrical efficiency will be aggressively 
pursued to the full extent they are economic ; 
compared to the available supply options in 
E the relevant planning period. 


3.2 Load Shifting 


3,2.1 Peak power demand reduction through 


and respects system limits. 


3.2.2 The choice between load shifting and : 
: energy storage will reflect the costs and benefits : 


of each option. 


3.3 Electrotechnology Transfer 


3.3 Demand programs aimed at improving 


These programs must provide net benefits : 


electricity demand. 


| 3.4 Cooperation with Municipal Utilities 
i and Governments ; 
3.4.1 The planning and implementation of : 


: ‘taken in close cooperation with the municipal 


utilities, 


: 3.4.2 Information on demand management 
: programs will be exchanged with the Federal 
: and Provincial Governments. 


3.5 Timing of Demand Management 
3.5.1 Development and implementation of 


: be started early enough to be effective in con- °: 
: tributing to the most cost effective demand/. 


supply balance. 


: 3.5.2 Priority should be given to influencing - 


the new market rather than the retrofit. 
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: 3.6 Demand Management - Research 
: and Development 


: opment to support existing and planned 


: demand management programs will be given 
' a high priority so that demand options can 


3.6.2 To provide flexibility, technical research 


: undertaken to provide information on the © 
: potential for new demand management : 


: programs. 


: 3.7 Demand Management - Promotion 
: @& Education 


' $.7 Education, information dissemination, | 
audits, and advertising will be vigorously pursued : 
to make customers, contractors, developers, 
suppliers, energy service companies, and others 
aware of the opportunities for the efficient 


: and effective use of electricity. 


3.8 Demand Management - Training 


- 3.8 Ontario Hydro will cooperate with Municipal 
Utilities, the Ministry of Energy and other : 
industry participants in training staffin demand 
management techniques to ensure the timely 
: and effective implementation of demand | 


: management programs. 


3.9 Diverse Demand Management Programs 


' 8.9 To provide opportunity for broad customer | 
participation, Ontario Hydro will offer a diverse / 
set of demand management programs covering 
: that are widely acceptable. 


: all customer sectors and many end uses. 


3.10 Rate Induced Demand Management 


3.10.1 General rates will be based on average 


: costs. 


3.10.2 Rates may be time differentiated to 
give incentives to shift load to off-peak periods. 
: $.6.1 Technical research and market devel- | 
: 3.10.3 Special rates for nonstandard conditions : 
: of service may be implemented to manage 
demand for specific purposes. 
: be efficiently implemented in a timely manner. ; : 
3 3.10.4 Special rates should recover at least 
the additional cost of supplying the electricity 
3 and market demonstration programs shall be 


sold under these rates. 


3.11 Financial Incentives for Demand 


: Management 
3.11.1 Incentives should be high enough to 
encourage the development of a large part 
of the potential that is beneficial to customers : 


in total. 


3.11.2 Customers who participate and receive 
direct benefits should provide a substantial : 


contribution to the cost. 


| 8.11.3. The level of incentives should be | 
: acceptable to customers in general. 


3.11.4 Financial incentives should be based : 
on lifetime benefits; loans and grants may be 
used to increase the return to customers in : 


early years, 


3.12 Energy Efficiency Standards 
3.12 Ontario Hydro will work with governments, 
industry and customers towards developing 
standards for buildings, appliances, etc., includ- 
ing the highest electrical energy efficiencies : 


3.13 Other Barriers 
3.13 Ontario Hydro will identify other barriers : 
: to increased efficiency and work with other : 
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: or elimination of such barriers. 
3.14 Demand Management-Monitoring 
: and Post-Audit 

: 3.14 Ontario Hydro will putinto place amon- : 
: itoring and post-audit system to effectively : 
: being achieved. 


4.0 Non-Utility Generation 
: 4.1 Rates and Incentives 


avoided cost to the system as a whole. 


: on many factors, including the reliability, timing 
: and location of the deliveries. 


i proposals have potential to satisfactorily meet : 
: the need. 


: having a capacity of five megawatts or 
: less. The standard rates for hydroelectric or : 


: avoided cost. 


4.2 Co-operation with Government and Industry 
: 4.2.1 Ontario Hydro will cooperate with 


' parties as appropriate towards the reduction : 


try, and other interested parties to ensure | 


i effective and timely development of economic | 


: non-utility generation. 


: 4.2.2 Ontario Hydro will cooperate with the | 


: estimate the incentive driven demand reduction : 


non-utility generation industry and the appro- : 
priate regulatory authorities to facilitate timely : 
approval of environmentally responsible | 


: non-utility generation. 


4.2.3 Ontario Hydro will cooperate with the 2 


: Ministry of Natural Resources in respect to : 


: the release and development of hydroelectric : 


: 4.1.1 Rates for purchasing electricity from : 
: non-utility generators and incentives for non- : 
: utility generation projects shall be up to the : 


sites. Where Ontario Hydro is not interested 
in developing a particular site, Ontario Hydro : 
will promptly advise the Ministry of Natural : 


Resources so that such sites can be released 


: to other interested parties. 


| 4.1.2 Rates and incentives for non-utility gen- ‘ 
i eration may vary because avoided cost depends : 


5.0 Ontario Hydro - Supply 
5.1 Supply General 


: 5.1.1 Major increases in supply will be provided 


: bylowcost options available to meet the need : 


4,1.3 Ontario Hydro will regularly communicate 
the need for non-utility generation to potential 
| non-utility generators; request proposals to | 
contribute to that need; and negotiate detailed 
terms and conditions with suppliers whose 3 


after allowing for the effects of demand man- : 
agement and non-utility generation. A broad 
range of options will be considered, including : 
hydraulic, CANDU nuclear, coal, natural gas, : 
oil and purchases from neighbouring utilities. 7 


: 5.1.2 Evaluations of supply options will consider : 
; the long term availability and price for fuels. 
: 4.1.4 Ontario Hydro will establish standard | 2 
rates for purchases of non-utility generation 


5.2 Approvals 


: 5.2.1 Ontario Hydro will seek improvements 3 


other renewable sources will be set at full : 


to the planning approval process to provide | 
increased flexibility. 


: 5.2.2 Approval for new transmission toincor- : 


: porate new generation shall be sought as part : 


: of the generation approval process. 


: governments, the non-utility generation indus- ; 
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5.3. Unit Sizes, Plant Size and Flexibility 


: nomically sized units in multi-unit stations 
: will be considered to maintain flexibility. 


| A Site Acquisition 


: 5.4 Newsites for major generating plant shall 
be sought to allow generating stations of eco- 
nomic size to be built while maintaining a 
geographical balance of electricity demand 
5.8 Nuclear 
5.8 Ontario Hydro will seek to maintain 
CANDU nuclear so that it is available for future 
_ 5.5.1 Ahigh priority will be given to maintaining : 
and improving the performance, efficiency 


: and supply. 


5.5 Existing Plant 


: and reliability of the existing generation and : 
5.9.1 Ontario Hydro will maintain and improve 
: its knowledge base of new developing coal : 
5.5.2 Rehabilitation or redevelopment of exist- : 
: ing facilities should be assessed along with | 


: transmission facilities. 


: the other demand and supply options. 


: 5.5.3 Rehabilitation or redevelopment of exist- : 
: ing hydroelectric facilities will be favoured : 
since this involves the continuing use of a 


: renewable resource. 


5.5.4 Programs will be implemented to assure 
the safe economic service lives of existing | 
: and economy interchange to a level that is | 
consistent with mutual benefit. 


: nuclear stations. 


: 5.5.5 To provide a flexibility margin, con- 
: 6.2 Long term firm purchases of hydraulic : 


: sideration should be given to retaining in a 


preserved state existing plant that has reached 
considered as an acceptable alternative to build- : 
ing new supply facilities after maximum efforts 
are made to utilize the cost effective indigenous 
resources of Ontario. 


the end of its useful life. 


5.6 Alternative Generation 
: 5.6.1 Ontario Hydro will continue to investigate 


: the technical and economic feasibility of alter- 
: native generation sources, particularly those 


: that use renewable and Ontario resources. 


: 5.6.2 Ontario Hydro will implement alternative 3 
: 5.3 Single or two unit commitment of eco- : generation sources in specific situations (eg., ; 
isolated systems) where they are the most : 


: beneficial alternatives. 


5.7 Hydraulic | 
5.7 Hydraulic developments should be under- : 
taken in an orderly program where they are : 


economic. 


development. 


5.9 Fossil 


burning technologies that promise reduced : 


emissions and/or increased flexibility. 


| 5.9.2 Gas and oil burning plant for peaking 
purposes will be considered to provide flexibility 
recognizing the short lead time and fast start : 


capability that can be achieved. 


6.0 Purchases 
6.1 Ontario Hydro will continue to depend : 
on neighbouring systems for emergency support | 


power from neighbouring provinces will be : 
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APPENDIX B 
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Demand/Supply Plan Report 


| Chapter 1 
' 1, “Meeting Future Energy Needs. An Initial | 
Review of the Options.” Report No. 651 SP, 
' November 1985. Ontario Hydro, System | 3 
Planning Division. 3 8. Meeting Future Energy Needs - Regional 
2. “Environmental Analysis Report” 
' December, 1989 Ontario Hydro. 


Ontario Hydro, System Planning Division. 


5. Recommendations of Select Committee : 
: on Energy. Final Report, July 1986. 


' 6. Meeting Future Energy Needs - Provin- 


: Division. 


: 7, Meeting Future Energy Needs — Regional : 


Consultation Program; August, 1986. Ontario 
Hydro, Corporate Relations Division. 


: Consultation Program; Questionnaire Results; 
; August 1986. Ontario Hydro, Corporate : 


: Relations Division. 


: 3. “Demand/Supply Options Study. The : 
| Options.” Report No. 652 SP, February 1989. 


9. Meeting Future Energy Needs - Munici- 
pal Utility Consultation Program; December : 


1986. Ontario Hydro, Corporate Relations 


: Committee on Energy on the Demand/Supply | 
: Options Study. Apri! 1986. 


: Division. 
: 4, Ontario Hydro Presentations to the Select 


10. “Meeting Future Energy Needs, Draft 7 


: Demand/Supply Planning Strategy.” Report : 


cial Organization Consultation Program: 
Volume 1, The Consultation Process; May 1986 
: Volume 2, Summary of Submissions; April 1986 
Volume 3, Submissions by Organizations; 
May 1986. Ontario Hydro, Corporate Relations 


| No. 666 SP, December 1987, Ontario Hydro, | 


System Planning Division. 


: 11. “Meeting Future Energy Needs. Draft : 


Demand/Supply Planning Strategy.” : 
Supplementary Documents.” Report : 
No. 666A SP. 


12. “Review of Ontario Hydro’s Draft Planning : 
Strategy.” Report of the Electricity Planning : 


| Technical Advisory Panel to the Minister of 
: Energy, July 1988. ; 


<Appendices> 
A-7 


<Providing the Balance of Power> 


13. “Review by Government Ministries of 2. “Demand Management in the 1989 7 
: Ontario Hydro’s Draft Demand/Supply : 
: Planning Strategy.” Report to the Minister of : 


Energy, July 1988. 


14, “Draft Demand/Supply Planning Strategy” 
: (summary). Report No. 666B SP, Septem- 


: Division. 


: 15. Ontario Hydro Presentations to the Ontario : 


: Nuclear Cost Inquiry, November 1988. 


16. “Ontario Nuclear Cost Inquiry.” Report : 


to the Minister of Energy, January 1989. 


' 17. “Select Committee on Energy. Report on 


Ontario Hydro Draft Demand/Supply Planning 
: Strategy.” January 1989. 


| 18. “Draft Demand Supply Planning Strategy 
: Review.” Report No. 666C SP, April 1989. Ontario : 


Hydro, System Planning Division. 


: 19. “Demand/Supply Planning Strategy.” Report 3 
: No, 666D SP, March 1989. Ontario Hydro, : 


System Planning Division. 


: Chapter 3 


: Forecasts Division. 


3 Chapter 7 


1. “Independent Consultant Review of Ontario 
: Hydro Expectations and Targets for Demand : 
: Management Activities.” August 1989. : 


RCG/Hagler Bailly Inc. 


Demand/Supply Plan.” December 1989. Ontario 


Hydro, System Planning Division. 


| Chapter 8 
1. “The 1989 Non-Utility Generation Plan.” 
August 1989. Ontario Hydro, Non-Utility 
| ber 1988. Ontario Hydro, System Planning ‘ 


Generation Division. 


: Chapter 12 
1. “The Hydraulic Plan.” December 1989 : 
: Ontario Hydro, System Planning Division. : 


Chapter 14 


All references in Chapter | plus: 


1. “The Safety of Ontario’s Nuclear Power 
Reactors. A Scientific and Technical Review.” 
February 1988. Report to the Minister from 
the Ontario Nuclear Safety Review Commission. 


2. “Thermal Cost Review Report.” November 
: 1989. Ontario Hydro. 


3. “Ontario Hydro Thermal Cost Review 
Assessment Report.” August 1989. Monenco : 
: Consultants Inc. : 


| Chapter 15 
1. Load Forecast Report No. 881212, 
April 1989. Ontario Hydro Economics and : 
1. Demand/Supply Plan Analysis Report. : 
Ontario Hydro, System Planning Division. 


All references in Chapter | plus: 
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APPENDIX C 


Glossary 


: annual capacity factor (ACF) - the average 
: capacity factor in a specified year. 


: to build to the in-service date. 


: avoided cost — supply costs which are avoided 


: when any demand or supply option is substit- ; 
i uted for an equivalent part of a demand/ : 


: supply plan. 


seeneqecnnsceane 


: generating facility; expresses, as a percentage, : 
: how the actual energy produced by the facility : 


: % capacity factor = 


capacity factor - a measure of the use of a | 


: compares with the energy it could have produced 


if operated continuously at full power. 


Energy 


——_..—-—_— x 100 
Capacity x Time in period : 


bandwith forecast - load forecast expressed 


: load will be within the band. 


: demand that exists 70% of the time or more. 
CO, emissions — emission of carbon dioxide 
base load generation - a generating station 
' expected to operate at 60% capacity factor | 


_ or higher. 


: Basic Load Forecast - what the demand for 
: electricity would be without Hydro’s financial 
: incentives to influence the level and timing 
2 acquisition phase ~ the period from the decision 


of electricity demand. 


: Bulk Electricity System - the integrated system | 
of transmission lines and stations by which 


electric power is delivered from major | 
generating stations to and between load : 


: centers, and to and from interconnections : 
: with neighbouring utilities. 


Capacity Interruptible Load - load which cus- 
tomers agree, on request, to curtail, inreturn 
for reduced rates; helps the utility deal with : 


: periods when system demand is about to exceed 
: the utility’s ability to supply that demand. 


capacity margin - the reliability reserve 
expressed as a percentage of installed capacity. : 
: asaband; an 80 % probability exists that future | | 
cogeneration - the ability to generate electricity 
7 and heat, usually in the form of steam, at the 
base load - a level of aggregate electricity 


same time. 


(CO,) gas to the air from the burning of a | 
fossil fuel. 
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: commitment - the authorization to proceed 


: sign a purchase agreement, implement a : 
: demand management program; other approvals : 


i may be required after commitment. 


: configuration ~ number of units per station, : 
: size of each unit, and the number and : 


: arrangement of major parts in a unit. 


i given year, adjusted to a base year, in this | 
: report, 1989; also known as real dollars; see : 


Chapter 6. 


: conversion process— manner in which primary : 


energy is converted into electrical energy. 


: creep — change over time in shape of metal 
i due to stress, e.g., high pressure or temperature. 


customer unsupplied energy - the amount of ; 
: ' REI - Attainable Total - total identified net 
reduction in power and energy expected 
as a result of Natural EEI and the Plan 
: Induced EEI. 


: customer energy demand unsatisfied. 


decommissioning - the act of taking a facility 


i out of service permanently. 


' definition phase - the period from formulation 
of intent to proceed with the project to project 
commitment; includes planning specific- 
ations, obtaining approvals and preliminary 
: | KEI - Potential Induced - identified net poten- | 
tial reduction in electrical power and energy, 
which is both technically and economically 
possible,and is induced by Hydro Family 


: engineering. 


i demand ~ the power and energy that must : 
: be generated to meet customer needs; includes } 


: delivery losses. 


: demand management - measures taken by : 


: Ontario Hydro and municipal utilities to 


: influence the amountand timing of customer : 


electricity demand. 


: direct and allocated costs - direct costs 


with an option, i.e., build a generating station, attributable to an option, plus an appropriate 


share of costs associated with that option. 


i direct load control - demand management 
: program in which customer load is directly : 
controllable by Ontario Hydro or the municipal | 


utility. 


dispatchability - Hydro’s ability to vary the 
: constant dollars - the estimated cost in a : 


output of a generating unit. 


electrical efficiency improvements (EEI) - 
i the required output of goods and services is : 
i achieved with reduced amounts of electricity : 


consumption. 


EEI - Attainable Induced EE] - identified net 
reduction in power and energy expected to 
be induced as a result of Hydro Family incentive- 
: driven EEI programs. | 


EEI - Natural - reduction in electric power | 
and energy expected to occur due to normal : 


market forces. 


: incentives. 


EEI - Plan Induced - total net reduction in 
: power and energy expected as a result of the | 


Induced EEI program. 
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: EEI - Penetration Rate - percentage of potential 
: reduction that can be achieved for a specific 


: demand option bya specific year, considering : 


: all practical limitations such as customer accep- 


‘ tance, barriers, actions to overcome barriers, 


: infrastructure status and levels of incentives. 


_ ity demand, except capacity interruptible : 
' loads (CIL). : 


Flue Gas Desulphurization - process in which : 
sulphur dioxide is removed from the flue gas 
- of a fossil-fueled generating station; synonymous | 
3 with scrubbers. : 


EEI - Potential Total - potential reduction 


: in electrical power and energy, considering 
identified opportunities. 


EE] - Unidentified - expected reduction in 
: power and energy arising from newideasand : 
: emerging technology; based on judgement. : 


: electricity intensity - the amount of electrical 


free riders-demand management - participants 
; in demand management programs who take 3 
advantage of incentives and who would have : 
implemented the improvements without the 
incentives. 


: generating capacity - the peak power output 
: of generation, i.e., unit, station, system. 


: energy consumed per constant dollar of real : 


Gross Domestic Product; expressed in kilowatt 
: hours per dollar (kWh/$). 


20: 


wy 


t 


40 


energy - the amount of electricity supplied : 


: or used, expressed in watt hours or multiples 


: thereof. 


: energy meeting capability — the energy a system : 


' can produce after allowing for factors such 


: tions and the time of day when electricity : 


: is used. 


: environmental control - concepts utilized to 
: eliminate or mitigate emission effects arising 
: from demand/supply options. 


: escalated dollars - estimated dollars of any ‘ 


: given year. 


Firm Load Forecast - the electric power and. : 
: energy which Ontario Hydro must generate : 


: or purchase to meet all customer electric- 


~— ¢ 


: generation type - designation for options based 
: on the primary fuel, e.g., fossil, nuclear, : 
: hydraulic. : 


L 


: giga - a billion; a gigawatt is a billion watts. 


: heavy water — deuterium oxide, D,O, the | 
moderator and heat transport fluid used in : 
: CANDU reactors. : 


as generating outages, environmental restric- 


inter-area transmission - one or more trans- 
mission circuits interconnecting areas of the 
Bulk Electricity System; transmits electricity 
from points of generation to poins of use; 
- excludes radial transmission. 


intermediate load - a level of aggregate 
electricity demand that exists 20 to 70% | 
: of the time. 


intermediate load generation — a generation : 
station expected to operate at 20-60% capacity : 
: factor. 
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i kilo - a thousand; a kilowatt is a thousand 
i watts, 


‘ 
. 
’ 
’ 
' 
. 
. 
ry 


that demand will be lower than this level, and : 


: a 50% chance that it will be higher. 


lead time - the period from the planning deci- 


: sion to proceed with an option to the time : 
: moderator - material used within the core : 


: in which the desired result is achieved, i.e., 


: demand option achieves reduction, supply : 


i option goes into service. 


levelized unit energy cost (LUEC) - a single 


: neutrons produced by fission of uranium; : 


: value in constant dollars representative of the : 


: unit cost of energy, in cents per kWh, delivered : 


: by a station over its service life; utilizes the : 
: fossil fuel. 


: present value technique. 


: load - electricity (peak power and energy) 


non-utility generation (NUG) - electrical gen- ; 


: consumed to meet customer electricity needs; : 


: synonymous with customer load. 


| load displacement (NUG) - supplies electricity 


: to meet the producer’s own needs, or is directly : 


: purchased by a customer other than Hydro. : 


: load factor - for a given load consumption, : 


the average power divided by peak power; : 


: expressed as percentage. 


mega —a million; a megawatt is a million watts. 


ofa nuclear reactor to slow down or moderate | 
: increases the likelihood of subsequent fission. 


NO, emission - residual emission of nitrogen : 
oxides (NO,) gas to air, with or without re- : 
duction measures, from the burning of a : 


eration in Ontario owned and operated by : 
: electricity producers other than Ontario Hydro; : 
: includes private and municipal utilities, and : 


private power producers. 


option - specifically defined way of meeting 
: electricity requirements, e.g., a supply option 
is defined by primary energy, conversion process, 
configuration, environmental control and system 


: application. 


: Load Meeting Capability (LMC) - the power : 
: demand which can be met after allowing for | 
: the time. 


: the reliability reserve. 


| Joad shifting (LS) - shifting electricity con- | 


7 sumption from peak to off-peak periods. 


i expected to operate at a capacity factor of | 
: no more than 20%. 
: lower forecast - the lower bound of the load : 


: forecast bandwith; there isa 10% chance that 
: demand will be lower than this level of electricity 


demand (peak power and energy). 


i load forecast bandwith; there is a 50% chance 


peak load (customer pattern) - a level of : 
aggregate demand that exists 0 to 20% of 


peak load generation - a generating station : 


peak power demand - the maximum power | 


demand within a given period. 


power - the rate at which energy is supplied 


: median forecast -the central tendancy of the : or used; expressed in this document in watts : 


or multiples thereof. 
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: present value — aggregate of expected expen- 
ditures and/or benefits during all relevant : 
: years, discounted to a specified year. : demand. 
primary energy - energy forms available to 
Hydro which may be converted into electrical : 
: energy, e.g., coal, oil, gas, hydraulic, nuclear, 
' solar, wind, etc. 


: Primary Energy Demand - the amount of elec- : 
: tricity energy Ontario Hydro must generate 
: or purchase to meet customer demands. 


Primary Load Forecast - forecast of peak power 
and energy which Ontario Hydro must generate : 
or purchase to meet the demand of its customers. : 
: Selective Catalytic Reduction (SCR) - a process : 
radial transmission — one or more transmission in which nitrogen oxides are removed from 
circuits connecting a generating station into : 
: the Bulk Electricity System; together with inter- 
area transmission, forms the transmission nec- 
essary to incorporate a new generation station 
' into the Bulk Electricity System. 


redevelopment - reuse of an existing site for 
a new generating facility; steps taken to make 
possible the use of an existing hydraulic resource 
beyond the expected life of the facility. 


rehabilitation — major restoration or improve- 
i ment of a generating unit’s long-term per- 
formance to assure or extend its life expectancy, 
e.g., ensure compliance with new safety or 
environmental requirements, replace inefficient 
or technically and/or economically obsolete 
equipment. : 


reserve margin - reliability reserve capacity : 
expressed as a percentage of firm peak power : 


: resource — something that can be drawn on : 


to meet a need; in this plan, has particular : 
meaning with respect to primary energy | 


' resources such as hydraulic, uranium, oil, natural 
‘ gas, solar, wind. 


: run-of-the-river station — hydraulic station using 
: water at the rate naturally supplied bya river; : 
: little or no capacity to store water. 


scrubbers — see FGD. 


the flue gas of a fossil-fueled generating station. : 


single-circuit line - a transmission line | 
with one three-phase circuit; a set of three | 


: conductors. 


SO, emission - residual emission of sulphur : 
dioxide (SOx) gas to the air, with or without | 
sulphur reduction measures, from the burning : 


of fossil fuel. 


source ~ where something comes from ; someone 2 
who supplies something, e.g., coal from United 
States, motor from West Germany; the point 
of emission, e.g., sulphur dioxide from Lakeview 
Generating Station. : 


' system application — role served by a supply | 


option, i.e., peak load, intermediate load, 3 
reliability reserve - the capacity required to base load. : 
ensure reliability, allowing for outages, derating, : 
uncertainties in load growth, late in-service 
dates, etc. : 
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: system expansion cost - estimated incremental : 


: expenditures for facility additions. 


technical potential (EEI) - theoretical reduction 
province without regard for cost or people’s 


calculation, not used by Hydro. 


lower rates during night time, weekends, hol- 


: rates during day-time, work days and winter; : 
: TOU rates induce demand managementload : 


: shifting. 


Total Customer Cost - all costs of providing 
a customer’s electricity needs, e.g., artificial 
light and home heating; includes the costs 
of producing, transmitting and distributing 
the electricity; and the costs incurred by the 
end user in obtaining the required service, 

' CTU/CC - Combustion Turbine Unit 

convertible to Combined Cycle operation 


: e.g., wiring, insulation, appliances. 


upper forecast - the upper bound of the load 
forecast bandwith; there is a 10% chance that 
3 : yertible to Combined Cycle and Integrated : 
Gasification Combined Cycle operation 


: electrical demand will exceed this level. 


watt — a measure of electrical power, ie., a 
: CTU/NC - Combustion Turbine Unit Non : 
: : Convertible : 
watt hour (Wh) -a measure of electrical energy; 
equal to power (watts) multiplied by time 
(hours), i.e., a 100-watt lightbulb operating : 
D/SPS - Demand/Supply Planning Strategy 


100-watt lightbulb. 


for 10 hours requires 1000 watt hours. 


Commonly Used Acronyms 


: ACF - Annual Capacity Factor 


AFBC - Atmospheric Fluidized Bed 
: in electricity demand, if all current technology 
improvements were made throughout the 
AVEC - Accounting Unit Energy Cost 
: preferences, e.g, replacing all electrically heated 
homes with R2000 homes; impractical 


Combustion 


BES ~ Bulk Electricity System 


, : CANDU - CANadian Deuterium Uranium 
tera — a trillion; a terawatt is a trillion watts. 
: ; CC - Combined Cycle 
time-of-use rates (TOU) - the application of 
: CO, - Carbon Dioxide 
: idays and summer; the application of higher 


CSC - Conventional Steam Cycle 


CPI - Consumer Price Index 


CIL - Capacity Interruptible Load 


CTU - Combustion Turbine Unit 
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CTU/G -Combustion Turbine Unit General 


~ 


care 
. 


CTU/IGCC- Combustion Turbine Unit con- 


DM - Demand Management 
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| NUG - Non-Utility Generator/Non-Utility 


<Providing the Balance of Power> 


: EA - Environmental Assessment 

3 EEI - Electrical Efficiency Improvement 

, FGD - Flue Gas Desulphurization 

, GDP - Gross Domestic Product 

| IGCC - Integrated Gasification Combined Cycle 


LD-NUG - Load Displacement Non-Utility 3 
: Generation : 


LF - Load Factor 

: LMC - Load Meeting Capability 

LS - Load Shifting 

LUEC - Levelized Unit Energy Cost 


NO, - Nitrogen Oxides 


. 
> 


Generation 


: OM&A - Operation, Maintenance and : 
: Administration 


7 ONCI - Ontario Nuclear Cost Inquiry 
P-NUG - Purchase Non-Utility Generation 
| SCR - Selective Catalytic Reduction 
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SO, - Sulphur Dioxide 


TCR - Thermal Cost Review 
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